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Pressureless Sin ter ing of SiA1ON Gas Turbine Component s

SECTION I . INT R ODUCTION

A. (leneral Background

Considerable activity hasbeen devoted during the past few years to an effort to
apply ce ramic mater ials  ‘o gas tu rb ine  applicat ions . Stringent requirements have
l imt~ ed ri se number of candidate materials . Materials currently being seriously
evaluated are Ti’, Si3N14 and a recently developed class of materials called SiA1ONs .
he err.r PIA1PW first referred to the product of high temperature reaction between

..‘.l-.P~ and SI
3NL described independently by Jack and Wilson (Ref. i) and by Oyan~a and

Kar n i c a i a ,‘~~ ef ~ 2). A number of workers have subsequently investigated SIA1ONs , and
mr-oc r icr’ repcr” ed “cr 4 1 e  m a e rial have excited considerable int e res t .  Desirable
mr ’cm ’~r~ i~~r. r .~moo’~ e I  include low co e f f i c ien t  of thermal expansion (Refs . 3, 14 , 5) ,
. c i c i i ‘ i ~~rra i  -Pc - ’ )-: r e s i st ance  ( R e f .  3 ) ,  crood h i ch  t~ mp cra fr i r ~ modulus of’ rup t ur e
(p o T .  ~

) , V.cc l hU h  thrvnerat .ure cree~ resis ’ ance (Be Ts . 3, 5 ) and good oxidat ion
r~ sis’ance (Fefs . ~, , () .  I’ has ñir4’her been repcrted that., unlike 2i~ H t ,  which
renuirto ho~ pr e ss in c  irs order ~o achieve hiph densi~ y, SiA1ON can be fabricated in
t e n s e  chap es by oo’syen jonal sin ’eriry ‘echriiquen (Refs. 1, 3). The major phase
rwsuU i ’s.- from t’h e rwaction aT A1w 25 and. 5i2N~ is a solid solution hao~ d on an
~xr a ”r~ ei  ePi ~~:~ n~ ruc ’ m’e and labeled ~~~ ‘ ( R ef s . 1, 6) .  Hcwever , many workers who
hay reac’—r -i nix ’ ur-’s of A1,-2~~ and 5i 32, r eport the mresence  of ct h er  phases
h~ side ‘he  riras~ (P eTs. 1, 2, ~, 7~ ~, 9, U ) .  Korean ( R e f .  11) predicted th at
in Tar ’ ‘ • o r :mcsi~~icn h ’ 1  s ’ o ich iometrj eo  ~~~~ 1r’y ‘he  c.rmuj a SI 3 xMx ‘FYi_x 

Vn
x ,

and ‘ha ‘he e q ui l l i-r i u m  nroduc t s of d h e  reac ’ ion of 
~~~~~ 

and A1903 were mull inline ’.
He ‘~ir ’h~~r pr elir ’ -d ‘ha ’ nicole phase s ’ TIAlOHo havinip the above s~ oichi ometry woul d
cc ’ ei ’ r ’r. H ’ o r n ’ rrtmor ’ r’. aT phase equilibrium st ud err in the system Si-~N2 — P U-  —

A: c~ — ~~~~~ ( R e ”o.  U , 1., 114, l~ , i6) have confirmed ‘h a~ ~~~
‘ SiAlONs h ave t h e  above

s ’ c i e h i c r - - ” rico aol Ira ’ ‘h o r se ma’erials do not sinter (Ref. 15’).

-2”-’ Roal of “h i s  program is to develop pressureless sintering techniques to
pred r~5e h i - h  d e n s i ’ y selected single phase ~~

‘ compositions of reproducible micro—

5u r ,~~~rrw and ‘o characterize these compositions in terms of selected mechanical and

the rma l prope r t les .  The program is a follow-on to prior work done at UTRC under
cont ra ’ to the Pepartment of the Navy (Ref. 15). In the former program phase

ep dlib r lnm st idien were conducted to delineate liquid-solid compatibility in por-

t ions of 5h ’- ’ 51 3 5’)4 - FlO~ - A1203 
- A1N diagram relevant to a possible transient

lJquid ph ase (::~~) s in~ ering technique for ~~ ‘ S iAlONs .

I
,

1 
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B. Phase Equil ib ria Ba ckground

The first detailed phase equilibria study to appear in the open literature is
that of (“auckler et al (Ref. 114). Their diagram is reproduced as Fig. 1. Composi-
t ions pre plotted in equivalent percent in th is  diagram . This type of represent a-
t io n is liscussed fully by Jack in Ref. 16. The diagram shows an isothermal section
at 17n0°o in solid l ines . The authors state that at 1760°C adjacent ~o t i - i’-’ fliP2 — ric h
side of the 3 ’  phase , a wonhase region of liquid + ~~ exists , and the dashed section
of the diagram may be valued at a temperature slightly below 1750°C.

In ad dition to the 3’ and X 1 solid solut ion phases , Gauckler et al show a
:r cnher of new phases irr the A1N rich apex of the diagram , but these were not charac-
:-“rioed . Here i’eeen:ly Jack (Ref. 16) has p :ibll-r re l a diagram for the sysi em based
on r”r- - - reh a~ the University of Newcastle upon Tyne . his diner- rn is reproduced as
Fi g. 2. l i i i  t’Fgure combines late obtained from hot pressed sp--cirner ’is prepared at
• ernt erai nr~rs ri neino fr’orn 1550 to 2000°C , with most of the’ ‘l ate obtained at 1775°C.
Ccnsequen: ly his P ingram cannot be taken to r’ c i - - ’ .’~rt equilibria at a parr icular
e:np--’ra: ure , aid Jack refers to the diagram as an “ id~c~r I :::P behn’:ior diagram .

fin’ represented on the diagram , but  s tated in the  “e xt ,ii- th e observa t ion that
at 1152 ° C reich et t h e  reg ion — — —  between 0’ , Y , ‘tad ‘Ii-~ ~ is I iq uid . In cooling ,
0’ , X , and F ’ cr yst a l l i z e , but some c-l ass is always retained ’ .

he gen era l  feat erre c of the  diag rams proposed by “ .suckier -it al and Jack are
qu i te s i mi l a r . A number of new phases in t h e  AIN corner of the diagram , as well as
the 3’ solid sol u t ion and t he X phase ar e show n , b ut except for the  ~~

‘ solid solu-
t ions , t h e  comp osi loris of the nii~~e- ’ n  d i f f e r  from those indicated by (lauckler. The
new phases i i i  : he Al l )  corner are character iced as Al  H polyty’pes . Prior work at
T T F C (Ref. 15’) attempted to generate liquidus date in the oxide-rich portions of
the  diag ram by therma l ana lysis and metallographic t echn iques .  A t en ta t ive  set of
liquidus  isot h - ’r m: in t h e  ceneral reeler lying between ‘he P I P  apex of the diagram
and phase is show n ii Fi g. 3, which is reproduced d i rec t ly  from R e f .  15. This
d iagra m is plo ’tod in a t om percent rather  than  equi ’.a len pe rcent  as used by (lauckler
and Jack. Data of Fig. 3 are replotted in Fig. Li as equivalent  percen t and th e  com-
ponent s cC t he s ,’stem represented in the same emac i al orientat ion as thai. originally
adapted by flauckler and followed by Jack so tha t d i rec t  comparison between diagrams
can en made. thi n diagram show s sub-solidus compatibili’y relations only on the
r U , side oT 4h e P i-e r ’- i r oi r c etherseappeartobe valid over rh o temperat ure range con-

~ i l OOP . :roiil phase compat ibility on the A1N side of the diagram , however , was
found to be -oripi i ‘ated by the presence of at I east one phase (the ‘ aluminum-oxynitr ide
spie l ) ‘-ha t is stable only above about 1650°C and lissocia’es below that t empera-
‘ ure . Pf ~he 7’Lr )ous A1.N rich phases reported by both flauckler and by Jack , only the
121 phase was found to form readily at temperatures below about 1600°C and the tern-
pera ure r’ nc -es of s t a b i l i t y of these  phases appears to be in doubt . The 1650 °C
phase compatibility relationships found by Ref. 15 are shown in Fig. 5. (Again, th i s

1
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SYSTEM Si3N4—A I N—AI 203—SiO 1650°C ISOTHERMAL SECTION
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figure has been redraw n from the or iginal reference to conform t.o the coord inate
S y st e m  and orie n t a t i o n  es tab l i shed  by Gauckler.) In Fig. 5, the solid lines are
d raw n with a reasonable degree of confidence , whi le  the dashed lines are a “bes t
c -U CS S  as to the equilibrium assemblage at this temperature . Fi1.’ur ’ - t~ r’ip re-st -rit s
‘ he  compa t i h i l i l y  r e la t ionsh ips  found at  1750°C. No attemp t was mad’.- to re p,’ sent .
compa t i h i  t i t y  b e t w e e n  t he  var ious  o the r  polytypes reported by Jack . The pr imory
concern of ‘h i s  work was to  de l inea te  relat  ionships i’ ~ievant t o  t b  l i q u i d  pk ’.rt ’ce
si n ering of 3’ solid solu t ion  compositions .

2in c e  all .‘omposit ions disc ussed in the body of th ie report  ri’ - repro” - ‘  in
- e m s  of at nra per cent , subs equ en  phase diagra ms used ie t h i s  r - ’p ’ r ‘ w i l l  .‘c r i : ’Or n

to  n it- on in c.I s ’hem e of r- ’pres en ’ at  ion in a~ em percer i ’ . Cospr i - i :~~e of F i 1 ’e.
‘ t r iP  w i l l  s ’r’:e to  o r i e n t  ‘ he  reader in ‘he se  two r e p r e s e n l a l  ions .

C. The Concept of T I P  H i n t e r i r i ’

Referr ing ‘ 0 Plc - . t ’ , I i  can be seen  tha t  a broad two phase r ,0 c - i o n  C ~~
‘ and

li quid exie~ s in the region h-~rween $‘ compos i~’ ions and composi t ion s c lo se to ~h”
eomposi t  ions of X phase .  In P ie .  7, hypothetical tie lines have b een  draw n be’tw,.’en
l i qu id  and sol’h i 3 ’  compos it  ions e x i s t i n g  in equilibri um at about l’7u0 °C. due eu~ h
pair of corriposir. ions establishes ‘he lin e a—b . The temperature - composition
Ii -~a-r’ m for eo:npos i’ io n s  1:-ira- along l i ne  a—b end i t s  cx ’ ens ion is - ie t ~~1oped in , r h o
Uwer half of Ftc - . 7. (Al’ er ra t ive m e l t in g  ch a r a c t e r i s tI c s  for F phase have been
:lrtI’ ~’ , as the -“xp enim ~ r ’i ’ eI data 

~~~~~~ 
no ’- sufficientl y resni- ’el “ 0 d ie t inguish b -”tween

r .k ’:e r ’ ,-n . ’ )  Frror ‘h e  leve r rule (see for ex’ mple Ref. 17) it follows t h a t  3’ corn-
poo l ’ ion i . can be pr~ p er e i  f ree composi t  ion c ‘t r ~d X ph as-.2 composi t i on  a .

f t  could ic argued h e ,  ‘ is r~~~ n eee - ss r r~- to s’ er ’ w i t h  t h e  par t icular  corn—
positions shown (1. ..- ., F and ‘ ph’tsee ’) ani that u n r e a ct e d  mix tu re s  of coast  l t u e f l t 5

s i ic l ’ . as  
~~~~~~ 

‘b
2 .ri r~I - ‘ LI’ .) of t h e  same overal.l compos i t ion  should work equally wel l

cr h~~’ ‘-r ~ in ce  l i q u i d  would  al so  form it  a lower t empera tu re .  However , as wa s
show n in  R e f .  15, under  such c o n d i r  ions , n o n e q u i l i bn i u m  assembla -es can form and
persis ’ because of kinetic reasons , lead ing to a noridensify ing sit uation. Since
pr”’reree’ ~l composi t ion  c is already quite close to the composition b in equ i l i b r ium
wi 1. “ornposii ion a , ‘h - i  Irivinc - force for solid  s t a t e  r e r i c t  ion w ill b ’ low so t h a t
boft s o l i d  ph - is- -n should persis t , with l i tt 1~ r e a c t i o n  up to t h e  m e l t  ing point  of a ,
provi. 0r1 ‘ h a ’ ‘ he hei r up on ’ e is reasonably rapid , w h er e up n n  I iquid  would  become
ava~ l’ersle ‘o per ’ i’ipn~ e in  d ,~n s tf i ca t ion processes . W i r . h  s u f fi c i e n t ly le t -ic-t hy
cleva ’ - . 1 te mp era ture  l e n t  t reatmen t , presumabl y the  composi t ion  could h o m o r e r i i s e
‘o icr-ri romposi’ ion b . Qu a lifi ed success was realised (i-~’f’. 15)  i t .  achiev i , ,~’
p re s s~~re l . ’-ss i ’ ’ t i s i f i c ’ t ion of ~~

‘ bodies usin i ’-  prereact ’ed eompl im ’ n ’ ary compo s i t i ons ,
ou t  s’ r”n~” h t’a ’l ties of ,- ‘st  bars w r e  modest , rangier from about 20,000 psi t o

, dhfl  psi. t’er~ r t h  appenre’l o be limi ted by flaw s such as res idua l porosi ty ,
met a l l i c  inclu niors ,and residual g l a n s .  The present won - describes attempts to
refine ‘th ‘H.P process rind chr mac ’erize bodies made using this process.

-5 -5 ~~-—~~— ~~~~~~~~~~~
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R77 914532 4 FIG, 6

SYST EM Si 3N4—A IN--A I 203--S102 1750°C ISOTHERMAL SECTION (PARTIAL)
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R77—9 1 2532—4 FIG. 7
POSSIBLE TEMPERATURE—COMPOSITION DIAGRAM THROUGH AN LX—Ø TIE LINE

OF Si02—Si 3N4_ AIN—AI203 SYSTEM
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SE CTICF II . E X E ~ I ’~ NTAi TR ICEDYFES

A . Tait Operations

Fi g-sr-c ~ is a slrn~-’ .l.if.ie .I flow sheet of t}-.e basic processes used in the 7Th
r -ro ces s . -~‘er the  course of t n l s  study man y m o d i fi c a t i o n s  have been m&d e , steps
added or el in ina ted , and proce .t-ores changed , always w i t h  the goal of producing
t .om .’ ’eri ecus and flaw free samples . Figure 9 in d ic a t e s  various modi f ica t ions  of
and additions to  the sequence ~r i i’ casic  p ro ce s s i rR  s t ep s  that were used at various
ro irt s is the program .

1. F ’ r rnui a t  ion and i~a t ce i n , :  n t ’  owder Compositions

~ ic-ere lrio:ows tde car ’i- .~s curr,tositl’~ns ti.at were reparrr d daring the c-ri’,rsc
ci t r .,- program :, ;lotted on t ) t~. phao-i diagram . Tir e compos i t ions  in atom percerr t
Si , Al , 5 , amd I; are presented  itt Table I . Co a t os i t i o n s  3Q , r.9, U, 57, and 58
are s- Si ,~~ ~~~~~~ ~ 

I~ sol id so lu t ion  co tni os it i oms . Compos i t i o n  31 is an X
phase composition . Cornpositi.n r. 55 was chosen t o  l ie  at the  es t imated  composition
of t he irr-Iaria:,t point iet-uivi ,’rc- t h e  rfases x , s ’ and A1203, as it was thourht

uat t ej s  wo ad be the lowest m e l ”  ira- 11 it ,ld t e a t  coul d be in equil i cr lu n -. w i t h
s ’ s,~~ ic ,r-ril .,ti . .n . C n r m c c s i t i . i r , s s-ocr as ~~T5 ar~- compl imen ta ry  ccrp .osit ion s
wh icr sr , r i o L d y ield tee d c si r e d  s’ ’ c o m p o s i t i o n  w~. c r ,  r eac ted  wit ) ,  t h e  trop er  au .:-urit
of c o m e c s i t , i -n  31 or ~55.  Tn -os , ‘-‘U r e ac t e d  w i t h  5 w /o  31 should y i eld compo si t icr .

~~,

. ‘cm-nsiti .e~i 57 was calculated to he ‘he ,- ’ comeositicr , travinn tee highest
silicon concentration teat c-ri - rid he reac ted us ing  i.~ w 7o F phase as one constit uent 

-

The tac t * at  ‘i T’ ’lO P - “‘ s r o t  lie or the Si ril , , -~’-,1N J i m  is a result -of tn , e fact t h a t
--~.1E di m e d  as a s’ a’- ’ lime material ccrt~ ‘tins some PiTh . Cerre- osit ions

-5) -

lab .~~’ .: Al , Al, ,~~~
- end Al v --re  ~- r er a r o d  from mix tu res  ci’ Atomerg ic Si-~N,, and F

pe a s -  - , t mc . e r  iC .11 P ,s~ .’l b at c h  these sane-len consists larg€ly of the
ea r - ’ i - a t  r , ”r ii an ~ er r is tee case w i th  the A~’- i  powder u sed for the thor  sampUr’ .
The a ’ i - t - ’~~ ‘.r P . r  in ’,~u s t i~’at ire eese various composi t ions  will be P ,scussed is,

‘ n”  r e s~~~’ s secsi a of tnIS re’ ~rt . PomIcsiti. ’nis 75c-Tc.- and Al through A”~ were
ex ce :  ‘.1 -_ i _ s  ‘ t t~~~’- m s .~ recessing route wh ich ~mrd eyed ~rereaction and comminution
Of ‘- u . .- start It . in , : I i .cr ,tar’v composItion . -° - _ cond- sit ions fo11o~ ed process
ii, w ‘~ 

- 
- , h P - f l’ I , ’ . -

The sn ~:1~~t .S WeI~e ba ciEt d from raw m a ’ crisi s linte l in Table II. Chemical

ti rmii’,’: i s  or .  we ‘ a ’ ‘ ‘ .“ Si T 1 , s t a r t i n g  m a t e r i a l  contri l r e d  1. 9 w/  oxygen I p r e —
sr. a~.i,- ~z r- r ’ - -~ d i  . ) ,  and was therefore t. r -e t ’ ’l as ‘ e y i n g  the  c hem i c a l  formul a

t
1~ ‘; , , ,~ 

j r  ‘n +  .a’ ch f r i r r a - r i a t i cn. The i’, ,  - ,  P b ’ . , and A d )  were treated

as a n i e c -  t : c i  . ti -a ’ ‘- .1 , ;t . ‘ j c , i r i . ’ rj e s .  In c-r ena l , I a t .cej r , c- was dune in 100

11
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SIMPLIFIED FLOW SHEET OF SAMPLE PROCESSING
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A L T E R N A T E  FLOW SH EETS OF SAMP LE PROCESSI NG
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FIG, 10

SYSTEM S13N4_ AIN—A1203—S102 (PARTI AL) SHOWING
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TABLE I

Compositions Studied

Pe::i :nation Atomic Percent
Al 0 II

Th (x r *rvr e ’) 
~~~~ 

l~ 2( 08 52 1’7 ~ 71

20.0 22. -k. 22. ”’ 1~.28
rdf ‘5 20.~ 7 22. ’ 21.22 ~~~~
‘2 , ‘ic 20.” ~2.50 25’.uC 7.ld
‘l , ‘2 . 5 ,Tl,2~ 22 . , ’ l7 .c ’) 33 .’7(~

5 7.8F~ 7.h-~i 14h’.28

55 ll.~ ’C 27.37 52. 142

5 ‘.50 15.36 15.7t 14l.7h
5 1 0  :25).il 114.17 11.27 145.145

5 ’  35 . 145 7 .3t1 ‘7.38 14n;~ .

57 ‘1 37.21 5.~ 0 2.140 55.07

58 114.28 25.57 28.57 22 .57
55~5 114.35 22 .7C 27.33 2 .r5~

Sn- .88 2.~~1 5.22 52.20

Al .13 3.2( r .5: 51.10
p m  25 .°n 3.91 7.53 ~~~
‘t i . 37.’214 14.5t~ 5 . 13 1 4 - .e€-

I
I- re

— , ‘
-5
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TABLE II

List of Starting Materials

S13N14: Kawecki Berylco high purify powder

Si02: Atlantic Equipment Engineers
Cat S1239, 99.5f~ - 325 mesh

A1203
: Linde A 0.3 ~ micropolish

AlT: Atlantic Eqmnipment Engineers
Cat AL1O6, 9.97t - 325 mesh

I ’

~~~~~~~~~~~
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gram lo t s .  In most instances extended ball mill ing  to reduce the J art ic le  s ize
of p re reac e - ’d  r r . ix tures  was involved in the processing.  Ball mill ing experiments
(see below ) indicated that substantial amounts of material worn from mill jars
and sin j ia  we t- c introduced i t ’ o the batches and it was necessary to take this
into account in t’~.irm-Al atirtg compositions . Logs were kept of the media weight
so that mater ial introduced from this source could be predicted . An example
of the  cal cul ation of a b at ch  formulat ion is given in Appendix 1.

2 . Wet Blendirie ’

I nit i al l y ,  ba t ch  cons tit uen t s were placed in Roal ox s ize  0 jars  with Pur u . u r md u s .
med i a , covered  wi th  methanol , and milled for ‘-we horn ’s. ater , fo i luw ir m o t i e
-- ‘rit’ious ‘r i l line  experiments  st i l l  to be described , pol yethylene jars  were suboti-
ut~u d for the 2- alox jars, and e i t her  react ion s intered SI T N I or N-. ftcn hi0’h

a l u s i r r a  me d ia  were s u b s t i t u t e d  for the  itnrrrsl’s ’- med ia .

3. P r y in g

Ti l l  ch ar -es were o r ig ina l ly  dried by pour ing  into shallow aluminum foil
t ra’,-o and slac inc  these above a laboratory furn ace  to evaporat e the meIi .an ol . As
will he d e sc r i b e d  l a t e r , t h i s  procedure was found to lead to segre ’at ion of the
sanr ic ccasfi ir-ro - and was d i scont inued . A spray drying procedure was adopted
in Por e 01’ t r e - ;n n t i n e  s ecre n -a t ion .  t-~i1l jar  contents ( ir ~cludir ,c tac  c r ind in i g
m e d i a  were cmi- t i ed  i nt o  w a r t :  1-ottles . A large t ray  of aluminum foil war cons tr m c o- d ,
pl aced on a hot p la te , and a smaller  (8 i n .  square)  plate  of i/h  in . a i u m n i r ’~ut.
placed in t r .e cent e r  ot ’ the  t r a y  and h e at e d  to  a h o u r t  100°C . The wash b o t t l e s
wor e  k e nt  ccitt r r ; u o u c ly  aci t .ated wh il e t h e  cer 4en ts were sprayed onto  th e  t o t

a l umi : . am  rela ’. e. ~~‘aporat ion of the methanol  was rat Id , and t h e  dry  powder was
cr 1 . . ‘iicaliy scraped fr on ,  t n e  late i n t o  tee sor r o u n d l e e  t ray.

r - - f i r i n e  2-atch C’ oml3s i t i~ r.

~d - .-n  fl ew - ath  A ot” I I  . ‘ was followed , the dried powder was compacted j u t ..-
cyl i n dr i c a l  pei1 ’~ts ~~~~~~~~~~ 1 1/P ’  In di ’ts .n~~~r , at a pressure  of about 15 ,000 p s i .

r o e  w’ re r I - a - - i  in b~ r n nitri d e cn’uc irl-s and f i red  in n i t rogen  a tmosphere  i t ’
are :n~, n . ‘t~’ u.’ ia ,u . ct i  am f ’ : r n -ace t o  about l~i5. .O°. .2 for two I ours . F ol lowin g
c a m s i r ’. ~‘,, iorm of t u e  p re r ’ired r a t  crial x-ray diffract ion patterns were ob t a i n e d  to
~~ er ’n i rmo w:e h’sr r e a c t i o n  was essentially complete . I f  not ‘h e  mc ’wders wet ’ give n
arm ou .i1 I :. “~~ t’_ rire

- on: ar icr , of the a wder n o r  to  p r e f i nin e  was found  to be hot h unnecessary
tn l  ‘ o V l ( S i u ” t C l F ! r rea’ti . n of th e  blended ~~~~~ was C med to be just as rapid ~i’

th e  u , t ’e ar wa: ’ amr ~ I I firmly ju t ‘ the boron nitride crucible. This material
co-rid he -oani~l 1~ b r ok e r: at ar t ,  a f t  -n f i r i ng  has el in irini in g  n e st .  of r e  c ‘ma i r u t  i o n
:t ’ : - s , t hus oerr.i~ tin g flow 1 - ~0-n B of 1g. 

-5 



R77-912532 -14

5. Cotnminution 01’ Frefired Pellets

I n i t i a l  crushing of the p re f ired pellet s was done in a Denver Firecl ay Co.
No .1 cruThei’. The crushed mater ia l  (-10 mesh)  was milled to -202 mesh i r a a C o l c—
armor laboratory mill . “tho se procedures  introduced steel fragments into the

powder’ . At tempts  were trade to remove the steel fragments  by pass ing  a strong
n a o r m e t  t i r ’ o u s c-i. the powder unt il no further  recovery was obtained .

Anal ysis at ’ meta l l ic  inclusion in  f i red  samples (to be discussed l a t e r )
s ncr ’wed r . ee p r e m s e r i c o  of ’ iron and crl rorniru:. . Whi le  these imp u r i t i e s  are pre seu~t in
the st ar-u in r o t - -’rial , it was assumed that addi t ional  c a r : t a r n i r m a e .ion was int roduced
h~’ t i c  m i t  m i  ~~~~~~~~~ and ‘ri r i d i n g  wi ld : was not r err o ’,’ed con~~ieteiy by t i e

r’ - ‘i t  ‘n o n t . T h i n  1. ’ t o  th e  ac id  mill Inc  ext er i- : er bs ~m o r c r i h e d  la ’.or .
u it :  t i r e  ‘~~ ‘r ~~ : a m o st  air m iii h- ’~c ’tt: ,-~ avai lable .  i ’a i s  ro a ms  subsea’. e r t i y

‘,i~~t - J  to r - ‘du e’- ’  ‘ u s  —10 cr1 ,  maCer ie ] ,  to t i r e  — . 5  s i c :  ran - - . 211 of t i c  -a rra -~’e
m l . - o r  me on u ‘ md t .  b e 1 .r um - e o ’m s m s a u ’ y  i t ’ c ’orio a o t i : a r m  of t an  : o’woer ri-o f t o  ~ i’ v t ’i r ing

P. i::.i n a t  ed

- -ui - l m i l  l u m p

final ster . i i ,  t he corr n m i r : u t j  o r ,  r ecess  was extrni ed ball n,j l lino’ . T I e
L i  i - o r -‘t ’ t’smr’ts to do ex t e n d e d  P uPi l mill  in: (up to 102 hrs . ) us ir a s  Roalox jars  anti

h m : - : r , .i mr , u: - ~d i m  u’ -’strit.ed in smut -leo ‘Tnt bloat ~- i and cl — n : e l  w in ’ . - : ,  f i r ed  at l”15 0e’C .
Teuonr’eroer:t . P w e i - t , t . loss I’ m’ - : ’:. t i c  . ‘ t r  a r i d r n ’ n  ía i r i t i i - c u m r . nd t a t  a 1 ar’~ e aro . unt
cc no t en ad. ,-j am ; w u-n t’r’or: ~ cot  im and i u ~’. r . J uc sd  into t he  b o t c h .  A : - ich al Lmrm i rma
mill jar arid ::.-aI i~ u-r u’ . 1 br ined , P~~ . o r . OW -i e s ai l y high wr - um r . It wit :: dec ided
to  - .‘-xnnu ’ i ri,cr t Wi’- : . r il l i ume ‘OSlil ’ 0 -ly . ’ - ’ :y l - . r n  5 r r r n  n i l  v o r i u r  . -n i ’ ,d ing  m edia
as i t - m :  neared to be eas i t ’  t o  k -- or t r a c k  1’ c o ’ i t a u u , i r a r , t S i f  only t : e  media were
inc- c lu e : .  - T - - d i - a  used w erc~ ‘ m u .. -u ’ ’ .- : .  c-nc’:. 1 .10 , - i m ” r ’ : m ’r ~. , h i gh  a lu m i n a , and r i - ac t i o n
::i n t . ’ r’e ’l N i , II

~~
. ‘2~ t n - r o n  ::‘. I i l i r . - ’ ~x: - r ’ i ’ u - u m t s  1 . 2  -r out :  b ’r o ’ . ’o s 01’ _ “ 5 . 50

r - r  .itc ’ -e.1 p sw ier s  w o r n -  ol ac’ed in 1:7 w i- 1 - ur -oumt . ii ~lr : :t  ic b r - : ’ w m , i c ’ w o r e
re ’,- i u l u , ; l y t i l l e d  to a t .  140 o -r c ’or , ’ -‘ ‘it -ac ’ y w i t h  a : r i ’ ’ - “ : . ‘ . ‘d u’ei ’ht i t ’

c r i r l i n g  med ia. Te l ’  a : t .1 was ‘t Ida l t o a c ‘ r n s t a n t  I n te l , aum d  .- - jar- s r’lac .i out

- :m ’i  ‘h -Ti ti i m - r o  I s - ’ ( 
~~

‘ roli -ru ’s • .~~- , I uY ’t:  n r c ’ ic It  ‘ - ,r~~~) .a cm: a ‘l in  - n. - I i  a by

a1 - - I - ,’ o’u’ for n . j  A ’ m’s ’ - i ’ i ‘ - l i : : ’ a ” ion .  -- P - mc em ’ ‘ n-  - n c-T i ‘c t I :  ‘ or

-r h- .1 v i . : h - n  nr . ’~ -l in all sal ’ . ’ ’ : ‘ t  1~ :‘e :- . ‘out ’ ‘c -ira it :. - ‘cr’ he ‘ ‘ I t t  110
i t ”  I- - :i’~’ i ’  “ t l y u i - i - ’i t t i tp h- - ‘- -r ~1ia aC ’ - r ‘ t n - l 1 ~ ~~~e ’r p  .r- I r a ’  l O u t  An- n *he

pci’ - -  i - - i- ’ - ’ - - ‘ill .io~’:.u u -to o ’ n’r’r’ - c-’s- - I  by 1. ‘i j , e  h :,i~~ i ~ rw : 
~‘ 

“ ~~~~~ i t  ‘iTh’ ~c ’

1 t o r O , .

a .  - A n t  2111t i’ and - a rt icle S ine  , ‘ O : - ’ r ’ ’ ’ I -

‘ ‘ 1 1 1 : 0 of uu - ’;euai samopl es u s i ng  a 50 : . - - r ’ . ’n n ’ solut  1 1  - i  }ir ’l a o l  ,0 r d
- i ~ ,:

-m d ’ ,r ii media was d o n -  w i t ’ , the i ’ iu : . ary  ~‘ u r ’pou ’c -  -ct diss - .IVin, , m r ’  un  : ‘ i t ’  i C I C S .

:-i’t - r r  d u n e  I’ -in d i t t ’ - - r e e t  l et :e t , i , s at ’ time , t i e ’u ’t ’ - u  lad. was all -w ml to Sr .~t t l  “ - , a ’ md

‘P.

-

~ 

- -5 - - - .  .~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 



~ 
‘~~~~~~~~~~~~~~~ “~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘

F 77-9125~ 2 - .

“ h e  1i..im~id r in c - auc l ~’ ,l , V u - - s i n  w a t t - r  W ” m - t ’ ’ r -’ i , -, a’nssr ll - - -t ’ i - t - i~~—~l ‘,-u ’ i ’ h  -
~~ r’~’ ”—- - ’ I

0 . n o ]  t .  - - w a y I : ’  nr ’ -o c Endl , r ’ -  m u  - ‘- abed - m r . ’ II a I-its-is test i r m A n c a t r .d - a ’
u , ’- a,’i i -.~ -~ns s-cut e ’ :~u ’. i al ly  r~’rre. “ cii . Dur ing  t hi r e  w a r in g  .ot~~- -i -~~t . j o r ,~~, it was

t r o t h I e - e u l e r : er r  id es sel. tli .- qo ite rum: i d l y ,  r - - r t .  t ea r . n .~ a a f t e r
c o n ’: , - u . t  , i t : - -  o -o l i J  :u,at ’u’j a], s t i l l  o- -’-s.a i r ’ ,.’i- r’ -I i t t  o u s t  t u n S i - O n , The

l it  :1,: .1- -r ’ ’~’ n t  i - . :  o t t  ~r ms~ and i  :~~‘ ov e r n igh t  was - u - - ‘ alec’] ju n -i i i  ‘ cc -r ,t o t ine r , D u r i r - -
the w rI: Ia’,. wao: ,ir,,-s w - - r ’ - m’n,m: enmlci ~ t -ah . sm t  ~ : .. an- i u r l r ’ r’ - ,’ a ls .  I i ’:’. iin i t  ca: ur~ -:i
0 1 , 1, 0  : t u m : : . u i r ’ad fir 3 : .onm’r was s tored in a sec. rrr d :: r,tein”r. I :,e decantea
f r’ac - t i u. s v t - re  er ,  ce r r tu ’ i : ’~m geoi down , washed , m ’ r . c en t . r i f u m c e d , and f i n a l l y  cr c- sr ul

l eo  as- -t o ne i: ‘1 n o r ’ or ’  a rmd p e s t l e  to  r e d i s t r i b ut e anu dr ’,’ t h e  f ine powder .

7. ‘- I n  .~i ::- ’ .t ’ rcrr’ur - ’I . - . :

It-, t::e - au’ I \ ’  S i r:l e m ’i ’o  ‘ xe -z ’rumn:m~ S ‘ m E r i t ’ ,: u , - ’ :a r io ’ ,r’.iv bol l r’r .i i i i e d  t’ - onV’ rs
‘u i ,~:: mr-os P u ’ r - ’m’~ c i  corn  c o l t  i. r o w—- r ’ norTh in s - r ai l (1. gr-a rri b a t c h e s  r ;y
rue :  ad, - r r r , n i n , ’ . , . ‘ i t ’ t ’  qc-” one u s i a :  -a rc a g a t - - m o r t a r  r ind pes t lc ’ . I a ter , wi- . - ’ ,
C - - s t  b a r .c  Wt’!’ ’ n e in :  r ’ a i - r i c at e d , mix ing  of t r ,c  tw,t pr e r e nct :’d c -von on t i - t i n s  was
0cc - mt  2 1 o : . eJ  ire  tie fInal bal l mi l li e :  o p e r at i o n .

2 .  ‘:11 i r e r r i u , ’  s - f ’ Sar ncl- ’s

FTrr r-~~’,’ ’ - : ’ ’ n or:: In ’s  u. r ’ :roct i t .  “h e i r’t , -‘I ’ sn-rol l cy i in dr i c a .l p - ’n . 1~~t~s a n” , ’
“ Pc i -“P au - ri i i ’ m ’:. - ’ ’ ,m r .  l a t e r ’  ‘- ‘vt  s .a ’n . :1 e m~ ‘,-: - r e  i - r e s t - e d  in th e  tIers. ‘v

- _ ‘ . /  ‘ “ . 1 -,. ,, , / - , ,,u’n~ ar’  o r:: - , rr’ . .m : , o  ~r~’:- :c .rmru - - ’nnio :,s a: m r . o x i ’ a ’~r .i t i  : l’ x r o 2  x l  ,r. ~ in  the
car~ 0:’ n - u -i - ,ut ,  r ;’ - ’~~Inr ~’u’ ,s , m u d  ‘i’~ 1r ” x 7’l : “ x 2 .5” I’ r ’Tuu ’~ ac ’ rn ~”v i :rr ’ n s .

:~i e x i ’rJ r e s r o r n  of ar~~ ,t 15, 200 i - s i  was a, .: .1 led , it: t: .e m i t  I-ad, r ’ ss in g .
3 : r - : - - - p ~- ‘1 , r .e ’ , u . I 2 ~~.m a l o y  j r r o s s” d  san:u icr . v~-r -  p lac  .1 in d i v i d e .allsy l r n t  .° latex
b r i m - v a i n ’ . ‘w- ‘ ‘  ~ :a.: , ’m ’ e l , n’ ’ - -al:cl , an d Iso:’v.~’. call’,’ re m r ’r  s S u - ,.l at h O , 1tc- I p s i .

I r a, a : lot: :: sn:’

ml ji : r~ r z-u d  :ao .u m o o:  ( :,‘i inder ’:: or : am’s ~ were ian- .1 It .‘ - - “ .1 . 7 , c-r n
n i ’  r u  te er ’ m s i n  i’s . I t ,  ,o ‘tn ’- i r n s t r m n c ’~u, tee rem : Jes were rock~ it I:, ~ u~ Va of
oar:. - ‘u . : -ci ti - -

‘ w! ,icr . wa s  itt --tr ied to serun mu ’  a l’cf t ’er , :o r -. c f m h l ’ ’ ’ - cs ’ o r I is !.
+ tue “q- iI in n n’ r a m - t i - a l  - ron: ’  ur - -  of ‘as as”  c e ’ o ’t I t ’ : ’-’ tu r ar ove he 5.Ctou ’ ICS

r :0 b - u - n :, t r ~ : - . - c r  ,c i tP.e :: were  f i t t e d  with t r r r . -r e d  i i  us and loc us ins  I i ’ -
omit ’. a it e  :‘oscou t -r 1 ‘crer ’ fitted W1 1 a screw tot s t ea t  :‘c-m’- :eri t .  ~ ex o u’t u -r e s su r e
cur :. -u ’ - m c i i  “ J, 0Th’ 2- ore a s s ’o r u T h l i —s  were placed witT .in the o’rrucc , ;t ’r et’ ~
‘vO : - i ’.e :arc r . , , ’r. inr l , c t i on  t ’n r e ac e .  Ir’—t,ail s -f this a r r - n - . - ’’ rr cnt ,  n t” - sho~m it ,

i - i c .  13. T i e  :“ :ruoc - ’ cI..am:-er “- ‘as eo’acuated and ack— t ’ii I c-i w i t n  r:iu r’occnr ~ - - r lf-

-a ’ - -  eec’- - a:’: ! ii i . w fl ow . ‘ - t ’  nitroorn maint a ined t r i - c ! . ‘ h r  cI  ono - ’-r  d u m r i : u c

:‘iu - ir ,c . ‘ I i i ’ :  0’: ’ : a ’ of  mol~it , l ’ I n : t T , S : . - ’ r i t t , ncl — ‘J t ’ ‘ : e r m n s o m r - 1 ,vm in t .hn ’ r. r s ce ~ -r
‘woo ~ t o t  ou t, ‘t n-I P P ‘ - - -i m a x  H and s~ ries h-C -~ - u’ :‘ 1 m a l t s , and t~~e control

in * u s : . f - r i a - a u ’ i a r . i  r o l t a g e  s ir- I-il ; w ’ - i r l  r-  :1 a - - I t n  -.r ’ P .— iaal  ‘‘ .ar ri ,ad

1:5
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SIN T E R I NG F U R N A C E  DET AILS

ATMOSPHERE: NITROGEN BACK PI LL AFTER EVA CUATION
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c on t r o l  var iac  ot ’ tee furn ace  m ower supply. Suscej or t .rrFprat ir’o 1r,sica~ ‘‘d
t . u m o I ” m n - c~~ccl e c - i :  ‘mt  wo~~ r ep r o d u c i b l e  to ± 2°C at a ci ’.-’ rc c -en ’ r i  it ’ ‘ ;o l r . t .
- :er tj ca i  tc ur op ’trature r ’r c t ’il e w i t i r i n  a boron nit~ ide cr- ,r c ib le  was mer ~s i red as l u , ’
a seco nd ~ - l ,~1 t~ ‘ n — r -e- oup2 ’- in se t ” ed ~hroi .ir- h a hod , -’ d r il led  thr o ’m, ” . It c ru e l :  Ic
~ id anti no-sscet et-cc screw top . The temperature at the b~’rt’ -s . of t a t e  c r c c m i I ’ want
t Oure d t o  he -abo rt 5°C cooler t h a n  the susceptor cmr -m- ra t c” and 15 to ~fl° C - - c t ’
thor : ‘it t r u e  ton - i t ’ the  crucible wher, the susceptor t cnn -n a t u r e  wa s c’o: ° r - i ln - -i a ’
1l-’50

H . Sample Characterizativ:

I , - ‘ :, a r a o u r e nj c a t i on  of I rereacted and Ball Milled Powders

- a r c i de nt i f i c a t i o n  ci’ prereacted powders was mad e u s in g  x - ray  d i t ’l’ r a c t o n m e ’ r
I — o c : u : i . r r u e s .  ar t i c l e  , sizes of ball milled powders were assessed by examinin :
nor: :: I c r  -of u l trasonically d ispersed powders in the scanning o lec t - r -  t~ t r i e r ’
( t iE ’

2.  l- .or ’-o - ’teri: at i -cri -it t’ t i i t t t e r ’ - c l  S ar q l es

ii d - n m s i r . y ,  r r - ’-cif ic g r av i t y ,  and a t : . r i r~eu -,t . poros i ty  of sin t ’-r’ed sp ec ir ru eu: u’
w r —  :I ’eC -r : tc lu :n d by 03 21-I test  C ’ t 7 t _ 5 .  Mlcr -ostr uct - sre s  were ex-an :ine d o r - . olis}ced
ar m -i “ u c r i e d  snct.i ri :ms nt ’ t e n t  sami - ie s .  Thermal st-abil i ty was assessed q’ualitati’;eiy
-an ~~~ b’.is is cc i’ tu e urn :-o::u,t . of d ” u c o m m ” n s i tj on  observed at d i f f i c r E - u n t . f i n i t e : t om ;- ”u’n—

It -: s’-tl ’octi ’ d ins tances , x — r a y  d i f f r a ct  ion pat t’’rr ur w o r n  - ‘ o~ aiu~ed eit  er f r -rn
r ite s , m.n f ’ ui c -u s t e s t  bar s or from crushed and ground samples.  The s c a n n i n g  electron
‘m icro: none war’ used t e  ‘‘x anc ine s in te red  specimen s for m r-un t i e s .

a . ~‘d J_ :’, oi’ i - t - ‘i re Tes t ing

7-os ” 1 n ’ .: w - - ‘ - - , ‘c m - : u : ,  1 fin ’ arc Daraflol ‘ c- .mrm ’r -x ina’ e d i me n s i on s  l .1”0 ” x
a’- I on+ - . - i in ’ t” .mc u polished thrcuc!I (- mi muron dirunon ! man ’ - . ‘he edt -o r

v - u ’  - : - “  i’d m~.c’ u ’ ’ .’Iu1 ’ a ’ ~ ~~~ m a cin .  , tpC~~ir - e ’t :’ w’ru ’ loaded Ia four moir ’

“ ‘ - r - r i ’h  ‘ i t --’ c u r ~~eu ’ - ‘mare of ~ ,7 ” and ~he i’e: nr stoma 0. ‘ 7r ” , Cross head stored was
- ‘-‘ . u-- i ’ . ad’ s v—n - ’ - mu-mm ’ r ’ .i’-i cot a nrc-it: -“sonora’ un”, ‘nIne ’ c,I specimens were

‘ es~ - - - 1 o± T~ ’ lYt on  1 , . -i. 0~ Thu air , and l?O —d -mr :d 1i7 t°C in aritote . ,lclecr ’ ed frac l tu’r -
, :‘:r ’ - ’- - - v - - - u ’ - - ’ --’r ,rnine i in ‘he  . ‘

~~~~
- ‘ in an a’’ emp’ ~o I i”uc ’ i~~,’ ‘ hm’ ’,t a ture  of the  flaws

- h o . ‘ ‘ ‘ “ - - - ‘olIl -’ - - i  r’’u’- - . - ” !.

-to “P :: ‘

- -i -“  - f  , ‘:m- - ’u inme”u - :  i n  hi- ru -c-ye c o u n f i . e’uira ’ for , ‘w i’ - loaded in ‘h ree r e in ’
‘I e- -~~’- - ‘ e 12 , , 22 , -dCO d, ,fl~0 psi  .m~. 177°°C u t . d - o t ’  al- mo ’s , n u n- I  cIefo~~uaf ion

‘ ‘
~~~ ‘~~~ - , ~~~ . -
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c. Itn~,act Testing

Test bars were ground to dimensions 0.25” x 0.25” x 2.25” . The edges were
beveled at ~450 for about 0.01” . These were tested at room temperature using an
instrumented Charpy impact machine and the energy and forces to cause fracture
determ ined .

d . ixidation Tests

x i d a ’r i o n  tests were performed on several test specimens . ,Ul surfaces of
rse:’e’,ordar or - co im et m ur v -u ’ - - polis’rcd through Linde A micropolish , and the total

- area cx ’ t en -  sp e c i m e n  wit . ; measured . Samples were weigin e d to the nearest
i f a s i l l  i - r a t  anti placed on a plati num tray that was constructed so as to

- ‘I” ’ : ,  C :e - - c i r t m o : m s  :j lorpc ‘-v ,  l ines  0!’ contact  and leav e all surfaces exposed
-r e .  f t c  r a t ’  was in t roduced into  a preite atod furnace it  a i r

3t:t~os: m en- . . 1’ :.e c r a y  was r . -t: : - c d  from t h e  furnace ~
--ei’ i ed ica lly  and samples

‘~~1 ev~- .i ‘ u c i-el t o  roots ‘ er r s ’er a t ’lr e  and acal!: wel ghed . 0 -n igh t  changes were
ti-:~ - ”rtm ,j :, .’d at , t-niu .eroture,: of 1000°C , lt iOO °C and l1~0Q°C .  X-ray diff ract ion
I a m t e r r ~c v- - c - ’  o b t a in e d  from t h e  ox id ized  surfaces , then the sample mounted i~
r ’ c o i u . : , c l i s i m e d , and exa mined rneta 1l-ograp l~ically.

e. ,3,J0’iunrtion i’ests

~- c r r m j I e s  were prepared as described above , and a fl .0~ 0” hole was drilled
I - , r o u x : u n  i t t - n C errol  at each sample using a diamond core d r i ll .  About 0.1 mg/en’2 of
n et ’  s.1 ra rh u r i  ( , t.,. :uain ,, ”t was sprayed onto the sample surface , followed ‘Dy about
1 m o / n m ” t ’ N a  1:10 .O ’rm l- -s v-one suspended in a microbalance in air atmosphere
at 1050°C an t i  the weight change continuously recorded over a ~~ hour period .
i-ray diffraction p a C t - o r - t i n  were obtained from the  mrr fa- ’ - n s  following the tests , and
the samples pc’li~uh’.-d and cross sections examined metallogiaphically. Samnies
examined included a ~~~

‘ t i i ,’ i P I  and hot pressed Si 3NL 4 containing M~o additive .

22
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.1I-Ii’~ TOIl III. P.F 1IJI.T ”- , ’-,’~~, tiT,lCiJ ’, ; I C I I

‘i .  T’ , i ’ i a d . ‘ow let” ‘ r or e s s i uc n o  2’ :t . -l i - -s

1. n”’’ ~~~~~
-‘ - “ “ ‘ - ,  ‘ I c - -  c i ’  ‘ ow i -’r- ‘-h u ed w I h  I C  t’- - i i a

,0
ct— c- c: .  t e n  - ( :mb- Th I ) ,  pelle’ inc-t i , m i red ~~ - i(- ” C for 2 hours , and

murotn -it-’ l ‘o — “° u - r i - n h v-tn “fli ed for  10 , ~~, a :n~i l it  hi’s. dEl-I rino ’o- ’rmmh.: cf  n- u- - —
t ’cnr :e ’n ’ -a ’ i - ’ - ‘ ms-mI ‘- ‘n c? ui m o r r i s -ally dispi-rsed mow Vr u-cl lie-i t”c.r he - l i f f ’ i-me’t ’

mr - - c ’ .-: ’ rn I -
. l ’~’ . Of’  ‘‘n 10 hrs., ‘h — r n ’  war ccn s i l i - r m ti ’ ’  s-a ’ enial in ‘h e

‘ u’a - ’.sr’ I ’-u’cn “a n ti - 1’O ’ m i s c  ‘i e’e’ -i !‘‘rabin -ms - e r rs ’  cC r rca ’er iai  S a n t i  inn ’ ‘ - n .  -‘- f ’  r
, rc I t t ’ s , u - c : ’ cC ‘ho  r-”C n’ i ’mJ Wa. i n  ‘h”’  ‘ n”m ’n: :rcIen ’o: ,  na’: ’ at-cu’ 2 ~o O.

- - “P ‘:‘ ‘~~~~ ‘m i - I l  ‘ i c - u -il h cruuu ’ :’ I i i  :no ’ n ’ C u n c  ‘ l ’ s  ran ’’ 1:1- ’ n- i , : -  sar i-I:  i - - h ow ‘it-
I ‘c i tc ’r t ’  ii r ’””O ’t’ in ” , ,‘J” - -u’ h i t  I n c - i t t ’ ,” c i ’  ~‘“ituIi:c: several :‘l’ar-n c ” 31’i, v- -n ’ m i d - ’ - ’ ’ :

‘in I - ’ ‘ “ i’’ :a”r ’- , a ’ c .’ l ‘ ‘ - i s - ’--a’,’-’’ a ‘ ‘ r e — n ’ d l  “‘?n’ac ’ ic- n ra ’ ‘ --rut  y b - —-:  ‘ i t— ’  r’cnwi ” -’n’ Was :

X—r -a’ : ’ 1 5 -” - “- u ’ ’ h ” -  h”'a” ‘ “em ’ “- “u ’ in al t ’  ‘0 ‘o merrcvi- ‘h-’ mi-m n ’ l it , a di Cfra ’—
‘ i c r  ma - ‘ -i’-: cC  0~~ war’ c I  - -n -s- - I .  - ‘m r—i  m ’ll”” r of t h i s  m ’t ’ nn ia l  f ir e l ‘ c
v- ’-” ~-1c’n ’ r”ni , a-ad ‘Tll - ’ i w~ ’h r-a- - ’- m”-’ail i arm”- .ani u e f  i nr ius i c’es .  X — r a y  of ~ I cn

au-TI - -  ,*cw~ I ‘ i t - ’:’ ‘ c P - - - ‘1 - .  ~c m n’- her We t-t w a -  - I c ’: -  itsin. : ‘ h e  t i ’  r - h i m
‘ - -- ‘— a ’ : — - — -O’ ‘ h - ’  —‘ ( ‘ ‘ ‘ ‘~~~- • ‘ !~~~‘._t ’ ’~~t u - ” c t i ’ s -.

-ml :“ m’ i c~c c ’’ cw I ’ m :  T illed wi - P Pu r rs -u ‘huts 1- ’c-Iia

- - ‘ . ‘ ‘ - ‘  - . - _ c  - - c ‘ ‘ - ‘ - ‘ c ” ’— - a t _ i  - - , “—- ‘- 11’—’’ tn-- I , ‘ i ”-’ ’: ‘ c 1’ 5 ‘ - . n - r ’’’- ’ n - :  ~0
— - -  u-~ ,:I: ‘c ’ : ’ i ’ n ,ij ,  ‘-i i . letI  iP n’ m - ’”1 c 1 . ’ ci”  ‘° ‘m O  ID hr.’ ‘cr1 -c ’ .

~:u : ‘ nm - !‘:--‘ c~~a• h” - ,”c
‘ ‘ r i ’ -; ‘‘ “-I ‘c ’ — - ”a ’ a ’ - ’ , ’ n: in cr- ’iar ’c- a ss ”n ,’ ‘I ’ :e ’u’’ ’— “ i vi’’ “ I - - crc - —

:‘‘ i ’ e - ’:’ u: h a l  r -a-” ’ - I .  ‘F :  n ’ih n r’’ ’ ’rI -‘‘m. ’~- : ’ , ‘ h i - ’ r”c- ’’ : ’ s v— mn- X—n ’a ’ ,’ rr” -I ‘n - a m a” . r
‘h - - ,0 c ,f it - -a ’ ‘“ - - ‘~‘ r’-’n . ~h rcn -’ul’ s mm- - ei””. in f o u l - ’ III aic’nc vi ’h  rata
c i - ’ mO- - ‘ - ‘- ,-‘ 

‘ ‘— ‘ ‘ ‘  - ‘- to’ , - - t o ”  r- ’y” - - u Crc” ‘ ~ “si -  n ew - . ‘‘ - . “tic ’- n - uI-scr ir’ nT C t  ‘h i -

-(- u-r n — r ’ :c’’- - ’ “ ‘ - “ -  n’ : ’’-’r ‘c ‘h e  il ’l h~:c ‘‘1: ’.-- . :,‘r — ~~ -. ]~ mr- —- --- ’ ’s ‘b-I- ’ 

c’ i- “n’ ”’~~~’ ’ - ~
!, ~- -~~ i,~~~i-~~ i-

c-~~
. ‘ I t ” - I l ” ’ - r - - -c ’ ’ i’ - to “ I c - - l u ’ . T’, o ”r - :  c n n - — c ‘‘ ‘ a ’

‘- 111’ ”’ .’ c i ’ a ~~~~~~~~~~~~~~~ in u’ - h ’ r -’ ir ,~;r - ’ o’’ ’ -h1 ” r- ’ uc e or ’-’d’ - ’ ’ r ,~O i’ ’t 4 a ’-” -

u ,’ : - - I .  Y” ’ - ’ ’~~~’) ’ ’ - ’n c”” u ’ f l u i r - a :, ‘ ‘ - “ - ‘  i s  s’ u’ ’- ” - ’ ’ r ’c ” t i n - i u - - ; a d o b r i ’  “ c ’ c i ’
“a ” ’ ” a” ‘ “ ad u t  ~~~~~ ‘i n :  “ '“- ‘

~~
‘ - - ‘ . ~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ni ‘ - ad- 0 ~~‘ c” I n i s - t t a : ’ t’a ”

‘ ‘ cii- -~~~ - ‘ 1 -  i c ’ , : ‘C’ ‘ ‘ -  ‘T a’n - i Ii ,~~r
’ ’u’ c’’ “

C ‘ “'s-’c i ’~~c ’ r : ’ ’ 1- .i’t h ‘m~ - ‘
~~
‘ ,
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COMPOSITION 39 MILLED FOR VARIOUS LENGTHS OF TIME
IN POLYETHYLENE JARS USING WC MEDIA
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COMPOSITION 34 MILLED FOR DIFFER ENT LENGTHS OF TIME IN POLYETHYLENE
JARS USING BURLJNDUM MEDIA
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R77—912532_ 4 FIG. 14

MICROSTR UCTURE OF PELLETS AT 347 COMPOSITION WITH AND WITHOUT COMPOSITION
5540 ADDITION—FIRED TO 1775°C
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A. MICROSTRUCTURE OF PELLETS OF COMPOSI TION 
~~4O FIRED TO 1775°C
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B. MICR OSTRUCTURES OF PELLETS OF 
~~4O COMPOSITION FIRED TO 1775°C
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TABLE IV

Unident i f ied X-Ray Dif f rac t ion  Pattern From
Reduced Region of Pellet 39~~

0
d A  1/10

3.014 50
3.00
2.7~4 100
2.63 100
2 .5 5  10
2 . 145 25
2 .37 50
2 .35 20
2 .05  5
1.8914 10

1.819 30
1.515 60

1.150 20
1.390 15
1.326 30
1.298 15
1.277 10

_ _ _ _ _ _ _ _  -~ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _
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FLAKES FOUND IN POWDER SAMPLE 34 7

A . E X T R A C T E D  ‘ R O d  POVt DER . ~2S

cc

TOP 
-too k: 

E n - o u tno ,  
- i c cns - ’  S t u n t

A t  t t i  it u G  15 1 7OO ”~

-‘ 

~~~~ 

~~~~~~~~~~~~~~~~~~~~~ jZ!
.
-!

. 

~~~~~~~~~~~~~~

ml  1

c l u  - - 0  8 

- -~~~~ - - ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



a:sJ cInn’cu -:l’,c’u: -s oul-I i:’~ Coitus -I its ‘Ic - c ’ flake:;, and these impurit ies w’, - t ’ m n  found t.o be
, mc , :uun cncia ’ - - I vi ‘In Cl - c O y  I i .:nc’u ’ ,;o.I inc-s t allic inclul: ion s . “J~it r: j c ’y o ,~ l’u-ifl h s -  :0 800 x

~~- ‘x , arid ue  a-ru, Pine ’ cc cit’aphnt are show n in Fig . 17. As a fur’ I t em check for
c’h-s-ru i cumcl 1if’?oi’ari’i-s I -- ‘ w ean  d— ’sse and porous regions , ‘he polished section shown
I ’ m  Hi~~. 11-S II Wa: : ,‘xa mu- , i- : - ’-I in ‘he scau ’lu ’uin5 ’T elect ror’i micronrohe. Ele!nen’al analyses
-‘ cc ’ -a l- s-I be ’ it au- -ar ‘ c- no : - ’  airs Cl , -‘ml , 0 and N in the  same propori ions (w i th in
- h- ~ nt u - ’ u t n t l ’  1--i ’ to cs- C ‘hO c u-c -:isrr rct:o’:s ’ s) .  c ’mgain , elemental anal yses det ec t ’ ed no cu -her
i u - : r ’u r ’ i ’  i -: ‘ I a n  ‘ h-c- i n c - c as, i -u’ hrc uu:i ’tnu c as ucc i at-ed W I ’  h ms-italic inc lusions. It was

— -n ’ a’ ‘- ‘i,- a : . ’: s’~- - ‘hni ’ - I i  C?- - c’i-’n e I, :’- situ ’ erahility h.c- t ween more and ic-ncr -ic-rune
‘ -  ‘I c  ‘n , ’ ci’-n,’ m-’ ruu.a: ’cl’,- c - u n —  of’ m a r ’ I d a  s i z e , - ,i1fhou~ h t h e  tnc-ss ib i l i ’y c -f  tcul :tlr -
II? ’ I -  - ‘- -u - : s - c s i ’  i c - u - u  - -c ’il i - c ’ 1--n  nul l ott ’ . This ue:rt.lci: is -nxarui ned
‘~ r ” h - u - i ” - .“ - ‘ -‘ -  ‘ c -c  LIT .-’- . 

- - I i :  ‘ f l . ’ a , ’sc - -’i’i ’ Ic- ’ , c-c” i to’s umn :I clcn ’oni usun w i ’  P ‘ he 0:, - : ’  alli s i.rcuulunions ;
u ’:- ’ - :llc ’u”r-i: - - :-:~~~ 

I - cal Ic’ ; c - C  r - ‘ mn: 1: : l u s ’ no r- ,’ 1 h A l  ~O :nn-n11 :ceu :,: has shown That t h e
mu’ . 1 -

. 1 : - c  c ” m::-c” mclii-- in - -ulur ;:i crir I: a ñrtii-~ ic- n cC f’ii’Jnu- ; l ,um’:uuerr~,i t ,une. ,c’hrs-m

u - c ’ ’  ‘ii i n  mu ’ n-c ’:’ I : ,  cti c ’ f c - ’ t - - ’-n ’ r i t a ’s ’ 0 1~ 
1 Q he - le fecte cl  b y :-:—n’al. s, j f  always - 11vn5

c L - -’ ‘e a u -a ’’ - - ui ’ ‘ :‘l - ’r’ ’uil - c’ Ii , t ur n ’ ‘ o iron or ircun silici-ics .

°~. o-.~ l I ‘- ‘l i i i - - ;  ‘c~1,l ‘ ‘ m n ” I - -I -- C l u e  . c i - D a n - a f i o m -.s

- - ‘ ut- u-r i: S t  I - - o ic-v-s-i’ he 1-cc’s--i o :‘ 1 ’ s-c ’ in-c- :: u - t I  s-I - u -c t -H non iurrn ’, ,i ri l  ic-c’- i t’s
p ry  -c ’ u - ~ - I i  - -- -ass-u .: - -1 i - u  do -un ’ fin 1PC.A. ‘ ., I’ van: assumed ‘ b a t  ‘Isese L-~~r s - ’ i 1  leo would
I’s -  u: :  i - I  -cl:,’ci-l -- so ‘ l u a u  rn illitc:l of c-n ’ci ’c ’ac t m- 3 pow-let ’ :- lu - u  arc IIC1 n c - lu ’ ion won~~c1
be b c - c I ’ d .  P—i-c , ’ tu-Ln- lf ’H1 of’ ‘h e  drama ’ Ic ef ’ f ’c - c l - of f i n e  particle size or: t I n - ’
n : t m s ’ - —nr ’l u -m- li of ‘H ,‘:- - Pow Ito’S lTnsCnlb ’i nOn ‘he nu’c-’,ri cus sec T O n , i’ was deci(ie-i ‘.0
u--ri:’- ‘u’ - ’ c-C ‘ h ’  c ’ra : ”i n  I - -  - cm- - i ’m -  i c - u t  - o also c C C , -c~ a rouch man ” inoi -- s-I ‘s-c ’ n - c s - am a ’ ic- u , .

11c c : ‘ ic ’ ic -nu , u - - - ‘ s-ui ’ - - ‘ I s-c-v b - -u - . ’ Wi- ’m’t ’- fmu-fher u-nil-s-I i t : a ~~ n - - t e e n ’  s c - i ’m’ ic:c of ’ IIC1
s s i ,u ,  Or -s -urn I ’iuun u - nc - h a a’: I : : - , -r ’c. ra ’ c-I its ’ o si.:e i’u’ac t ions as nl-s-scrl ’m’- ,’J I nc
, uec ’ 1c-” TT , , ’~.- .- m .  Th- - a - s i - I  r:iJ , l i u c ’ ‘ iii’-: ucr f-lie 

~~~~~~ 

at u : i 30, p cw-I- ,-n ’s ucr~ - i’ hr’s
n i l ’., ” - 1’ v’s-u I - -ni  u ’ -  3 b- c-- Can ’ l u - -n ’ n- -duct ’.- f i n e  s-ar’ Ic - i - : :  s - i : : - of - Isase cc ,, inunn o :;i ti on s .

-w i - u r n  of  C t , , s- a-c-I 0’f,~ w i -u ’- ” aci I mill-s I for only 3 hours.

‘ :c - , lu’m p l ’ ts - of f— ”a” - n - I , :‘is,nend--ni, aci-:I milled 3147 and 
~~~~~~~ 

powden’s and
of u - c l  I : l n e l  -c’ ’ Ic - ’- ;: of slu u -i’ - - 3 powder i-os-masts are shcvr c  in I°~ ,l ; ’ . ~~ and 19,

I ‘n- id ’ . In The sari- en ’ :1 ,7 a c~oocI - I l , : c- - ’ mn n i o n  was tc o t  obtained in pn’- nrarira
‘he - - m s-us 1cc f n u ’ ’u-: am - ,i’s-c ’ i c - - u ;  much of ’ ‘ hcu nsa’ erial au--u-n - nan-: o be a-’ ‘hcc uuncn’a’c:: of
fin- ’u’ u-r i:” Ii- l  ‘: . Tn ci- : b - :  - ‘ h i s  in t o  consi ‘I- -nrc ’ T o t : , 0 as-u-’- u’n ; ‘J a ’ “he  part id es
at ’ - ’ all i- -os ‘ ha-c .a,1 uc ’- ’: ’ ‘

~ 
. Th- sir  - ered n- ’lJ. c- ’ of ’ I Ic -  - - . 1 t- lea-arC - ni fr-m u ’ ior:

- u n’s - -a l - ::‘- ‘- .‘ -“:ml lac~ 
,
~cuCui 1,~ sn!:r-nidioc--uI n cnc -s , I t ’ is ot ’u e c ~~i : - - u i i l ’-e donse.

- he : I - . ‘ - ‘ - ‘ c - I ‘u ou - :ut a-c’’ of ’  - he ~1’r i - I - s - ca’s ’ -u - i Cr-mn ’ ion on ‘ i t - o ’ hem ’ harsH , as-rears o 1cc
5- -mci - i  -: 1’) — ) n -n ’ - - - : n ’ - i - s - n n c c .  -ic e c-h~~~~ - ~‘a ’ ions wi l l  t nt- - I i  i ’c ’mn ”~~-”d i t s  rum : n - -un ~c ’i a ll
I ’m ’ ‘-u ’ . By vat’ of - n c - u t ’ - ‘as ’, i i - ’ . ci.,) shows fit -c ’ tuoicros t n a t - l u r e  of uc i t c ’  ‘- ‘n - - s-i  roll--- ’
mu’ - -u- au’ nc’ I Cc - c -u” ‘ h: - 5025 ’s-n frac i c: .: (i.- • , ‘ he f r ac t ions  I ha l  h a ]  sc- I l led ?n’c-ru
“i :m’:- ’ :‘ion i t t  3 i -c ’ ic ’ s~ of ‘ ‘a: 2, -s -i  I u-n i l l --i Ic 7 us -i-i 31414~ powders . The di lf’,~n’c~n u 

-~~~~~~~~~~~~~~~~ - - - -‘ ‘~~~~~~~~~~
- -‘~~~~~~~~~

-
~~~~~~~~~ -~~ _ _ _ _



R7 7  -~ 1253 2 -1 , ‘ IG, 17

ANALYSIS OF S INT E R~ D i  L ,c i KES
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R77 - -912532 --4 FIG, 18

COMPOSITION 34 MILLED AN ADDITIONAL 18 HOURS IN HCI
A, FRACTION DECANTED A FTER STANDING 3 HRS
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COMPO SITION 34~~ MIL LED AN ADDITIONAL 3 HOURS IN HCI

A. FRACTION DECANTED AFTE R STANDING 3 HRS
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MICROSTRUCTURE S OF SINTERED PELLETS PRESSED FROM

COARSE FRACTIONS OF ACID—MILLED POWDERS

A. FRACTION OF 34~ SETTLED OUT IN 3 HOURS
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1 - -s-a ’s’-’- I “a-’’ Ic’:: of ~~~~~~ rcw-lcr , and polished si ts ’ c- r & d mellc-’ s a n— -how - . I
1 ‘a c -I  22 , n ’ - : m - -s ’ i-:’, -l- ,’. I-Iici’c utramhr of similar frac~ ior,s of’ 0’~~ powder

ant sin ’ et’cd c”-llo”-S pr- -s-ar— i from These were similar In appearance ‘o Ii~ s. 1
a:: I 17, u~c:mc::4~i.,r,s-l1,

.. i’ can be seen tha ’ a], ’ hough Ii -~c- particles in ‘he dccau :’ e.i
f’n’a,n ’ Ic”sn  of  nO’s -c ’cu-sne s i ’io ’c powders are as fl-se as ‘hose of 3~n .cc cruu p cn ,:i’u i c n  :ic -cc -u -, ’c- d

Ic-’:.- sc::.’ i - I - :c’-mcl-lv less -deunsificat ion has c--c’cury ’cc-I a7ain itnUsa~ mo ’ ‘h- :  clr c - ’m ’ u - -n
n- - a - ’  i ’ , ’ i’ ’~ cC s c - ur n s - c - n i ’  ion, ‘IL comm-n’ s-cl fo  3i-~

A’: y:~”-~ ”, ’ ice cC l i ’ s.  , L , 1°, and 20 dOs-loses  Tha I ii -- : :n i f i r ’ s ’  ic -u : is- nc a
l i n u s ’ in ’; of s-au ’- ic- i - s i u u e  an n-u  nominal -sons-c-si’ i s -n  alor. e , an-i nu, - , ’u-” no ’ ‘ ha’ Soy :, -:-

‘c’ ‘a . ’ ion  a.c wou ld as pRr t lc le  n l : - c ’  n — ” r - ’- s-a’ Ic:: cr clin ’r c- - I h - n ’wec- r, ccars- ’
a:: I “ i - c - -- ft - a s - ’  i on s . A u-’echu-u:isr’, ‘- c acts-c’:: - ’  for - h i - - ear, l’s - r’css’ulun ’ - cl. - - s-cs--
s - c - i’ in ’-, of ’ ‘h e  ~‘n-” iu : icur: - “- i ’n- d iu cs  media is ‘i ’s—c - ’ : it: Tab-i— I’. The cs-i ,s i s,al ci’ a: .
“ c ” : s - c r n l ’  I c ’ -, of ’ a-s- I °J- 

~ 
wcnn-u- sos-s-e-s s ’u ’ “-I Cc --  ‘-Pc - an’. ’ leO-a’  ‘il ac-c-un ’ o ”

al :ur :‘-c , - : ’ic’ ’ n - r -  i n ’ n’c- d ’r - -’-- --d i-s’ o ‘ h ’-  rn sp -’-c ” i ’ ,r . ’ - I ‘a’ s-it,-’-s i t ’  a~~~”i’ i c r, c- f  ‘ i t - ,- s - - -  On .

Hew- - -
- - - , Icc - ‘u - i ii - iotsal asi-,i-.rsiilins~ : r u-- a ’ u’ -c ’~~~~ i -rc - ’- - i t c .’e -a ’ sit’-:: its ’ rn n ’dC ‘- 1

-~‘Xi--c ’~ a2:rr i ’ : r ,~ ’li: ’ a ’ c .1 ’s- c tIn s- I aThhes . Thin - ‘xctc’ u’rs was sr.all in ‘he cs -c - :- of’
I ” ’ : u’ - ‘-~~~~

“- - i c-ni ’: ~ -a ’ i ’iO c~s-a
1 -c-sn ’ - c- i- - ii1i.~~ ci’ a 7 p- - r u t — n -  c-s- ’ -mn”  I’-

milii :c.~ 
- is-~- . In “ i t - ’ - san e  of ccrrn rcco’i’io:: - l , ,~ I,c ’,-ii-v’ur , the o-.’--’rruu- 0. ml iii’, - ‘

v-a.- ~‘s-~ u’ ~u’ -” - - - , - . II’ -’- -‘- u-u s- - s- s-s aiumi::osilis-a ’ ‘ wc . : r ove t h e  c c.mpc:,i’ lout “n - c u - ,  ‘ t a’
of a n i - i. - 

~~~
‘ u- b c ’s - :- ’- 0C c-c ‘h oc -wc—r-Ita :o c - e -~ c’ c-f r ’ — X ( _ ‘ — l i r c,: i d  a’

‘The s -c n n ’ - - - n” - a ” b - i n ’  e ” ”’u i l ” - inO- ’- -I row- i --u’ i’’-a -- ’ c’~~’- ’ - ’ r ’ s r r- - ’- s - i ’ a -’ 1’- r as s- ’ ’-r: ’-- - ’
“ I - . ‘‘ . II; . - - ‘- “as i c- ’ c- ” I ’ ,~ sin - u - - i  Or - ‘-‘u-:-’ “—‘nil d-s- n u - i ’ - ’  v ’- ’ ’’ - - k r ,  

~~~~~~
fn”as ’ ic-u : c - f  ~‘ 1 ’ t- 

- — “ sd - -cl ‘ c i’lc-m ’ . 0 wc-r id I - d . : : as-rn- an ‘ na ’ ~al’ru’:i:-csi1,i sci ’ -‘ in’  u ’ c—

ftc-’- - - ]  Is-’ ‘— ri t a ‘cC’ ” I ’ i c ” . I n - — a u - ’ - - cc’ c - rn- ’’Or a- ,’ cI I ’:  ‘he  “' i n —  r ’it’’i:’l ’~ C ’’— ’ ‘c ”::.  ‘fl ’ :’
you-il l 1--- - - -,‘p --n ’- - ’I ~~

“ ‘ I ’ - - ‘ a ’ ” -’,’ia l  wet’’: f’s’ —’-- ‘-b - -c’ - ‘u - i ’ s - - i l - , - u - - I l - u -  v ’- - -’- c - C u - .  f’i::~ i’
mar ’inl - s i n e  ‘-ha’: I -he u-c --c’: , - i , :e  of ‘1:”' ut ’ n’c ”’ mn ’,e s-an” O r l - -s .  T h i s  u- :aui. n :ru . wr - ,rd -

a-s -- c r , ’ - ’  “c:-r ~ Is c- - -- ‘~‘ct- - ll’-’:’ si’s- ’ en ius- cth ar a- ’ - -“ I , - ” l - ’us a’- I ‘ium n s ’’  at ’ ’— -o - c-I’ ‘ he
fla t s-cu. fcur : : - i  I ’ - - - c’s-’i,i.’;al ‘ sI n 7 pc-wdc-r dnn i’il c-cl earl i n’ ( T i  ‘.

I
. ‘ ‘i l l-n ”  1151 :5 l i I - it ,-‘Hi’uu-i ’sa i-m u- i h em s ’ ic- u : . ‘j’-, ’ -”'’ci ~~~~ 1’ - - - iia

H i - ’I- a i cr ’~~n-a. u -” s-nIi ,a w- ”n ’ - ’- ob’ a i u : n:I i:ns-ar :s- ’  ‘I: ” — ‘ c- ‘u-i “ lu- ru nt ’  i - - n ” ( cx i
mc: o’ Iset’ “han- Al. - 0 or i i-)  - ) cot : ” -‘n ’ vt’s-’ lcs-,” - s ’ l ’nan Pa’ of h-s C’n”,; -

‘--- - s - - h a ( s — - - - “ m i - i -  -, ), m:: l ‘ h i s  “u ’ - -aThr has- rb - s - - c ’ : : :-, c-’c’oru-i:’c-i li-sn w’c-u-r. ~~s-’’icn
I :-

~~~ ‘ n - - i .11 1 . ,  u- - - Ia v—n - - ‘m isc c1~~ained as-cl, I’ v-i , , - Otc,,ui  ‘l - hi:: yr- -SI, I rm ”” c’s’ l -

fl~~~ “en ’  ms-i’:-a~ ic -n .  TI c : d iri’~~~r u’ -~,,- I i ’a  I5OW~ ’,r s -t ’  s-’-ov -d “r i-c c-f s-cot’ urn -n i ‘“ -: a:-, I
xI’ll:l c-i a lar ”’s as-nc ’ ‘ran’iai’-l e as-olin’ of we i -h’ loss, I na  r: , adc - - ‘ u s s : r t ’n ,’ c r , r - 1 t~ ic-n

rn -C a.’ ‘ - ‘i’Ic - ’ , l u - m o - - n O  S I - . Tablc- Vlnsr- ’- :s- e.us ’ s nor: : l ’a’ a “n ’c -u - i~: I - i S O ,  “:111 lu - ” ’ ’ .
“h’ —u--s-’ . ” -a” - r w nay ’ n -a ’ c “or ‘- h - sn aiuru:irna sandia w it ” ,2.C?)r ~‘.i.u’ n u n -f  ‘h-c  n c - c - C f ’ i e i e :  ‘
‘s-an ’ia ’ ic’s - - h- - v  — ‘s i -mu ’: : :  was ~~~ s-erect’:’ . For ‘ h o c  Ci .~, T . ,  uun - ”Hia ‘-hr a’:- - u ’ a - s r -  wear ra ’ cs-

v a -  (.110 - n i t ”  — a n d ‘ h-ct — o e f f i e i e - i ’ of’ ‘sranla’ I c - - i  ~~~~ r - - ’ “ “ r ’ . ‘ ‘ i n m s , irs  ‘ he  “crc-

o Il’ ‘ lu -u  al ’rr-.i- a :- - - u i - a , I c-n 100 - ‘r’s,r. 1:- a” sit’-:: s-ill- -I c r ~ ‘
‘ hccrn’ cu . - l u ’  ats-cint: - of

u - a ’ -‘- r i - mci “c -’ ’ — ‘ - ‘ u - o i ’-’’ I Its- s - - i ’ m  a ”’ n’i ’ i o~ was 2 . ’ I  ± ‘s .
’ - . ‘i -c-  s-a”un )-il i ”. - f l - s a l
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R77—9 12532— 4 FIG. 21

COMPOSITION 397 M I L L E D  AN AD DITIONAL 18 HOURS IN HCI

A , FRACTION DECANTED AFTER STANDING 16 HRS
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SIN T E R E D  P E L L E T S  OF 397 DECA NTED FRACTIONS
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TABLE V

drinding Media Compositions

Burundi,,mi High Almuuuina

A120’I 85 88
C 1 07 1,1 10

2.0 trace
‘ar t 1.2

ir~~? 0 .7
n - C -  0. ’ -  0 .3

trace t~u~
Ti , u - T- - 

- 
run. -s-c 0.1
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TABLE VI

Media Wear

0,. S l l - ~h 01 :c-’u s-na I ledia

7--all 1-1,1 11 T
T n-C c - c  ::

ci
t s- I n  ~~~ th,~~ ______

1 3I~C10 2.033 )6 .021
2 1.i, i~ I~3 .023
2 ~P ‘i-a ’ ~~~~ i.-Th~4 ~~ • Q”- L
1 5t ” 31 2.571 c c ,  .021
1 50’ Ii 0.512 ~.3 .0211
1 °L’1Th-31 2.21 -6 .023
2 1e21-T)-’-31 2.33 n 5 .5525

average value .02142

coeff ic ient  of vari , u n f i c n  ‘- c .5-T’

l ’ cdia

~itu-1i I’ll “T t
H-os-i- -s-c’ .— a t s -i: ( c r 1  ( = : ~~

1 ‘ ) n ii- 6.147 -6
1 ‘cl ”i o 2. -:5 Oh . 10’
1 :J c -’5 - - T . 2 - - (

‘i5~ 3l - ‘ .11 .0~5
1 , ‘ ‘ 

~~~~~~ 5. 3cC ),n~ .122
2 — 0  8.lio -6
2 5 c r - 5  11. 80 n-n .12~
2 n 1 4 ’ c n ’sl 1 0.71 ~~ .llf

a’,’ec’rio’e value .i_ -
cc - cc f’f’i d ent  c-f ’ ‘r arl a ‘i cy .  1’’ .- l’T’

h i
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corn:p oorit  ion arising from variable a+ ,t ril  ic -u s was thus 0.2 perce nt ’ . Of ‘he 2.3 u~u’mIiui s
of t::uu-~s- niai introduced from mu - - h a  ~~“ n t  ion , 3 pere-c ’n ’ wan i -m n oxi -Ic - , ’ c’ 1 :- n ’ - h’s-n

Al-cd- 1 and , u iO , ( u s - c t e  Table V ) . Thus , 1 ot al im-ouri t l -n :  in ’ c o - in c  - w:u-: -
. ~‘-‘

cent ’ of I he ha ’ ch we lch ’

T h- ,ui nr an’~ a lci1i ’ I t ,  i i c  f l  uc al ha ’ sit -s- c-T u :nc u , :i’ i o n : - :  c-u - c ’ 1 ‘ 1 u u. ~ “r ~c ‘ “l u-i V r —

‘ jo-u of + he .51 551 , 1 media  wan: c-ac-- 2 mci’ :’- - n ’ . Tn c-n -i-- s - u ’ ‘ c i’s,’uu- - - :- u- - ‘ n :“~ ‘ “ :‘-a~ c-it
‘eniu u,l uu- I i c -u :  u - i n : i : :  - - ii i :: i-a. I i  uu- , I’ was u n ’ s -  -u ::’a:’:,- o ‘n ’s 1- - u ’ :‘ Sm’s ’ c- ‘ hc -~ I ~‘1. ’ 1cm ::: ’

a u t h  t hu -u s  nOV” al - li i c - - r d  m i l l i’ : ’ - m y  as u”~ ~u u  - ‘ - - i .

TI . - - - n - - n’ ’  i - n :  c-I’ ‘ .1 -  ~~~~ I - u t ’ ’ . ’

1. 5 - ’ , ’ l I v , ‘, n . i c~~c
’
~~~~~~~c~ s-

’ l u-ire u t . :  I - :-cu’ ”al ’ ’

: ‘i i c O-u s ’ I c - ’ : ‘ c - : - I  lath ‘c - . rc i’:SI’: n ~‘f ’ n’ lum ’ n , ’m ’ - . ‘ :u ir: t- , - ’ : :  ‘ cc ”-  c’ s-c c- - i c - - I  it’,
‘m i le ‘C i i .  ‘ : i u ,’~ ‘ ‘ u i - - I  ‘a i c - u n  c c ’ ’ - - ‘ - - : ‘c-c’  - :u - n t , : - r n - , - c- - u ” ‘c- ‘‘‘ n ’- : 1 ‘ ( ,, n-s I

c -f  ‘ I:- - ’ :- u - c ’!c r u : ’ ’ic ’v m’s’ !tn ~: i -  t l ’ - i ’ - - . i ju n  - ‘ . s- ‘c, fcllc ’,-u .: ‘he  ‘ i n n ’  i-n -er S : r ’ il —
u-c m’m ’h 0 lic,v--i l , ‘it - - s c u m S  i u - , - ’’’ a”v “os-po::i’ 1 c:: , n: - ’ ’c- . i  i -n ’ -uc’ irs-lO-

s-a ’ - ,- ,: ‘ I n— c nsa’ h follow - - I  I ’ --  - h-  Y r’Iu-u -,’- ’ cc u’ :run -’ , ’ i ’  i c - u s , - u - n:  I ‘ i c ~ - f ’l : :ci . ‘s’, unn : l : -c’ i t :  h i s - a’
- h oc m ’mI it a C’ , ‘n ’ ‘c-’ 1 i :n i  s - it - - - we - -‘os-ri — , - 1 ’  i c ’ ::. - ‘ - m s-n i- -:: ‘ i-c- : - 3 - I nc -u- s -h  145 ’~
co r:’l ’ uth t he n ’,h’,:l - - - ‘‘ -n ’ c’-f - ‘os-mc i’ ic - in n :  i ts-,r c , : l i ~~a d c~. I , ‘‘eu -iL~,- a sc-rOn:: c-f’

- A1,,~ 10 , - ‘ sc -n i 1  I -  - : tha’ w - c ’ - - , s - c - mc c su - u :-- i - ’ ’d uu , : i u n - 10 w o  of X p Ic a s -n  a n n - i  ‘ h e
-“ - - --s- 

. -

auumn ~enu .imc t ’
’s c’c-p u-’-l . ir r- ’’: ’ an’-: occc ’u ’, nc -n I’ i c c ” , .  ‘- ‘I ‘u- -maclu :; ou ” :‘ ‘Sl -tct ~ ct - i  r o l l s - i n s - - i  a n-i

-‘ ‘ cu bs - -ri nec ’ i o u ::: c - u’ ‘ c-n :’ h ans f’c’oir. l i _ i s  “c -r i - -: : ,u-r n s bc o w - u  l u i l- 15. ~~~~~ Ic a t ’ s-I  “ -0
0-s-u -edu ce ” i c -un :  c-f ’ ii ’f ’f ’ -’ac ’ c-mel - -n’ - r m c c ’ -. - n : Con- X ms - c-I 1’IR pha s-. s -nu and ‘or n c - s i - n d  u-n] I c u r l

-au- -c shown i t s  : i ’ ’ . “ I ’  • Thu -s 1- - ‘c I - -o r n - n i  , :‘ - n ’ - r: ’ ’: ’ au -i u s - i s -  c’o-~i’ar-Iu-: i u iA ica t cc
‘Ora l ,‘~~:n-l,s- ,: o “cs-us-c’, :: t Ic ’ :  sin ’ - - ‘ - n  I “ u-s - ,-‘ , : - - u u ’ iallv :~cli densi” y. Tic-c’ micro—
lras-hs show I -l i ”  s-nm— n c - n e - s of s- - -~ aiJic i : s c mnt , : ionn , aund 4 - h c- c - i s i s -  and ununtincu ’ of inclu—

n .: io- :sis  seen ‘ c i t s-n -- a, : - ’ wi - i iuscr-casiuc s f’irini I c-ruccra ’ ua’~s- .  The ,-Ij -Cfr,ac+ ic- u i

s-a ’ ‘ eu ’ s for : 1 i i  cc -u . r- u-i . “‘ u - n prurh ap s 1-c din ’uc- c’i’n-c--I in ~~~~ di ff ’n’ac l 0151 5’ ‘s-i’ races ,
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POLISHED AND ETCHED SECTION OF SAMPLE 344
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POLISHED AND ETCHED SECTIONS OF SAMPLE 351
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DIFFRACTOM ET ER TRACES FRO M TEST SAMPLES
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SAMPLE 349 FRACTURE SURFACE
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SAMPLE 353 FRACTURE SURFACE
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oliaracf c-n ’i,’ - l  Ic-S of ’ u-~l’nssiike fract ure , and the fractographs n-cc~~~
n ’lu - : s 1 ‘hal

f” n’a~ ’ sun -u - n--epa u - a , f c - -.l ‘ lcn’ ou ,-~ls an m l  ergranular phase.

‘ - -- r - ’n ’al possible causes for the  likely presence of -bi~~~s or X u - u - F u : c s - c -  I : .
n n ’ u t i ’ n  ‘n - c - us - :  L u ’ i - c - u  cau n Inn postulated , and corrective measures n c - c -p c - s r - i .  c’sn n i b l e

5 ( 5 u : , u- , i’, - ’ -a i nc - d  ~c-ai:: boundary phase b u n  ‘:he above s~~ piec-u are: 1) P u --
un’  - u - c -  ‘m u -’ : ’ fo r t - - i -n - ’ ~ npun il .i  u - n : : such as ‘b c- aD~a1itc- ’n accd alkali l u t e  - - a r ’

‘u -n i - - ’ n’c - ‘n - n- -I from ‘he ‘nIurn I usa -T n i :n-l i ,n u - — u:: - - l i n t  r on-ui ’  - n d  in excu -. - u - : n -  11 u - u i  1 ‘ ‘c - ca-n--’-, —
u- ’ , “]  ‘ n - c : i i i 1 ’ ’,- o - n c - u n ’ n c - i  sb o i e b , i c - u n : c ’ ’ n’.- w i t h  : u f f i c i u - s - t n’ ni -c -c - i::is - t , ru - i - c - - - u

- n ‘- s-u - u- ’s- i ’ ’ on~’- c- f d,:fl- , :1u - ’::sIfie-J c- an -T i -un i u n  u-~~u - - ’ we n l n a n : -  — X c- u - a l  1,  : - h ’ :a’ . u - n un a
u -n b u s  - lo  s - - u- :c- c u c - ’ - :u - c -s 1 b .i c -  an:  1’: c - t O - s d , l~ “ i ” I n : u - l  s - u I -- - Iui-: :n wr- n ’ - - H a  1- ’ ‘‘ u- e -

‘ i n : ’- ’:: “u n - 1 
~~ l’’ ’ n ul:  - ‘b’, l u - i i. : c - i n n - - , 1 .c c .  , ?ulil, u - ’ u - u u - -  ‘ I n n s - 15 1’~n i u - i  a:: I ‘ h O  , :c-] . J ‘1

- ‘‘ ‘ ‘ ‘u rn ’ ’:.

u - u - I F ’  ‘ : H ’ u- , ‘ ‘ P u - ’ ~ i n ’ n: ’ nc- c - - l i  iii ~~~ ~~~~~~~~~~~~~~~ 
u - f  ‘b u r n - c - u n ,  ‘fl c- ’’ “ al -I - - V T 1  ny - -n’ - -

- - :‘ OHs u - n c - n ’ u- ” i aJ ,  ‘ni l ]  -i ‘, ‘ , : i u c  - ,H n”i ’ F n - u - r  ‘ ‘ u -a u :  al’ ’: .b n a  u nn oc - I la  u- c - u - -  ca- r, nnu -’ c n i —
-0’ P ‘c’- :”? -: ~~ u - - ’~ 

u- n : , o i n -~ F 35 1, :c n i , c - , . i - i  ccc’ : 1] :b:c’wn: Inn  r : : icuc’ c s n : c ~~uc~u - ’ n ‘~~ical
e n ” ‘10 - : ‘:1 - c-f I - - ‘b un- u -- n .

n’’ :’’ , u - c u :  ol’ ‘ is ’u - : - n ::n~~~ v I - i i ’s au n t “.b :-n’c - ’ ’ n’uc it u - , ’ - c - ,’ , - ci c’5n . 23 au:-i u-u- i , shows ‘Fcai
- It- -.~~:~~- c- ic . : ’ -  Ill- u- l :0 ‘I - ‘ b - u - b - c ,  n - u -  F ’ - ,. ac’ - ‘c 1-i’  lesu- : n I - - u n , :-- I F , c-t ’ ‘ In ’: airuuninn a— rn iii - :u-l

-I ’ -

n ’n ’ l nc - - :‘c - :u - - n , ’ ’s- - u -: n -’ i: , -: c : : - I  ‘ h e  ‘a u - i ‘0 ~1.: ’~ ,’ . n - , ::‘ n’crs I 1 I u  w u - . -n- - vir1 ually
‘0-u - ’ s c-s-u-l ’~ , ~, u - c , r u - u- , c u - c -  - Pr- 1 1 0 - ’ -‘ - “s nn’c-u-c-e ::su-,’:n . ,‘uun:pI- ,,: u-I~~ Hii’ou~:I : 5~ i

u-i : ‘ - n - - u - ’  u - c -  - ‘
~~, : u-no a, Ic-ni - u-n’ - n c - u n - n  “c nu -a’ .1 c- . nO ‘ I n c  1K p In - a r e  -s- -r-:p oun o’s ’ - c ‘lye the

‘‘i’ - - u - b . ] ‘c -u -nc- i ’  i c - u s  r~~ - ‘ I n - , . ’ al-cu-s- -c sa~n-:u- i- -:. lIn t ’ -  raf .io,:a] - -  fc - r  - l i i  was 10 see
n - ’ ’  I ’ u - t ,b - 

- ‘ ii- .’ -c r -cu: ’.’ of  lb n - n i - i  f” ec’ins- ’c - woul d resu,’L’ b u n  a tu - . -cn’c’ac-:e i n n  - lie aniounc of
: 1  P t - c l  “n a b ’ ;  b - c-’’ - . an ~: r b : ’c. ‘ u- n a - I a,:. IV T ’- - ,‘ - n - - s O  of cn ecln:c ’:ical nrc-ru-n” los.  A

1’ ‘s’”- u - : n-tc’’ c ’ in - u - u -  - I ‘cc- u ’ “n c- in ’ ’ - - a t” I i n u - ” s - - ’ ‘ -au- n i - - , - is n ; I n c - W u u -  icc i-~i~-’~. 30 . i’lxarcninal ion
0 ’- ‘P .s u - ’ ‘- ‘u - -n : ’ - ‘u- n ‘ ‘ c - u - n - ’ :’ (“cnn - -pan ’ -- H ::n .  31 a t n u - 1  - “u - )  ‘ c u n u - l  po i’c-sib y -Ia ’ a shows ‘ FIr ’

- o ice :c - -n , - ’- ’ñ’ : ’n- ’ c - : u - - ’ n - c ’  nc-n’cnnu-n lu - n t ccu-rn-narabie in n - I  r u - - t n  - ‘h  ‘ 0 ‘ho  samples
s’’ u-’’n - ” - b s,r ’,Y 1)5:0 of’ 3 rPnau-’cc.

-ib c ,’- - u - -  ‘ ‘n -c] ‘ ,s - , c - t i n - c u -.’ wi ’  h ‘he n’ -s - of i he rn icr ou-s1 i’ucl’unal at:,I ‘n I i’en~ i ,h

a ’ a, fc -c -’ s’n - : ’O - . ‘ ‘ t O - -- 1- - I ‘ 0 lu -c - s i u n - u -’ii n p l i t u - n u - - -  ‘ and which could be sic: ’ erc’d ( i . e . ,
- j u -  ‘u “ , nu - ”~~’ . ’ l

, r- ‘ nrc-u -In ) i ~~q , a- n - i  ‘h - s  n w  cc -nnr o s i t i on  ~lF , n-a~rplcs u -s:u-
- -I  u - u -’- ’ , j I  n-, 33 ’

~ 
i n - u - j ’~~~ u- 4 u- n’ -T n uc n ’n-’ a i u - ]  si- u- i fcu- u- ’unn il y in us-caun su - rr-: n c’h n ’ - -- -b aru-iless

- -‘ cc- ,- - - ‘ i l l  - - - su 0’ Ic” : a, c c - u - ‘ “ i t , , ’ - - u- 0 , n l i q , n u - n s - . l u - i : ;  ::ur ’, c-5 4 . n ‘ m a 1 t he
ua,u ’su - ” - , ’ ’ - ” : c - c ’ n a u - 1 i b - c .~ ‘ I ’ - - , ‘‘ n ’ - - ’ : ’’I . c-f c-n-il ‘ l u - u -se vu cn -iu -,’d composi t ions , and i’

‘ ‘c- ~ ‘ ‘ . ‘u - : ’ ’:] ‘u - u -u - I  ‘ “c ‘ u - : ‘u- ‘ “ u- ’ ’-a-’ - or Lu a n -u - u - ui- ic -cal . ‘raiu: b - c -u n - O a r ’1- p - a su - n  which
I , — 

‘ 
- ‘c’ ~‘c: - ‘ ,- ~~~~~~~~~~~~ - i l l  I n c  3 p u- n- • c- u-c- ‘ b c n n u - n  P u - -a ’ ‘ ru - n c -t n u - nc ’ s at

‘ n - u - ” - ‘n-’ ’ ’u-: 1] 1 - ’] n: ‘ I -  l b s - c u - c - i a ’ b r - u  ‘ - - : - ~~~~ - c ’ - t ’ ’ u - c ’ u- ( : n a u ~~~i u - u - :: c r ;1 ‘ I n c ’ c ’ -iu ’In 3~ 7)
H i- u - ’ - I - - u” - -‘ 1 ’ h - ’  - - - 1:- n- ’ H - ’  o ’ ‘ ‘c - - a - - i  - - l i - i  tic - I ic- nrc- ’,-- c :u - ’cnh ’c u - :icai nrc-p c-i l  ic:~,.
‘ h i , ’ u- n- ‘ Ha ’ ‘ ‘ a ’ - ‘ b r  - ‘Y n - ’ : .  is  u - c -  n ’ I l l u - u - l T b . ’ F u -  I c- a, ”~’ ‘c- ’ F :c-nns cu- u-~ n : u n i :n a l  ion

- ‘ 
- 

- ‘ - 5  - - -  - ccc ’- ’, c - c  ‘ j ’ — - ’ ‘ us ‘ ‘an” - ‘ h- — - - (  ‘ ‘ru- ( ‘ i ’  l i - u - u n , ;  c- f’ n : ’ U n-u’u - l  - ‘- ,: ‘ha’ s i t:  u - r ed

w ‘ii - a n ‘ - C  - c - -  ‘ n c ‘h -  c-,’ r u- , a - ‘-I - i - i an ’ :11 ‘ - 0 u - u - i  ‘nl c’], i . c-c’ . I’ i i i :: - ’ ‘en’ ‘:0 c - n - u - i ’d

L _ - -  - ‘  - -
~~~

- - ‘ - ‘
~~~~~~~~~~~~~

- - ‘ ‘ -
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POLISH ED AND ETCHED SECTIONS OF SAMPLE 462
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POLISHED AND ETCHED SECTIONS OF SAMPLE 543
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P O L I S H E D  AND E T C H E D  SEC T IONS OF SAMPL E 556
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1-c -n ods at on-: ns tunno sl-ln er u-.- pressure at temperatures above 1750°C where tl,e X
phase would be liquid leads to further decomposition of samples , and equipment
is not yu- u- t . avail able fo r extended high temperature heat treatments at high
pressure . in ei ther case , the problem of mainta in ing precise compositional
c o u n t , r,cl is a very severe one because of the fact that the homogeniety field of
H a 1u - ; ’eac ’s to be extremely narrow so that any excess of either oxide or n i t r ide
will c’ - n s u - d t  in the formation of second phases (x phase or l iquid in tine case of
CX u- ,’ u - n - , nu -  oxide or 15R p hase in tlne case of excess nitride).

,-\u -lcl ressiing the possibil ity that during processing the compositions intended
to be nic , 1nJ c’ p l c -n - se  3- ’ had moved into the ~~~

‘ - X field , ways were consid- - red that,
,t,::u-c’ ,uu - u - - u - n c ’, ,:’d-t’or oxide coul d hav e been introduced into , or n i t r i d e  e f f e c t i v e l y

n- -ctn ,-.- c’c-d from the system . ossible sources of added oxygen are , l~ water dc-solved
I n-n n- u i ’ S u , u-c t hanol crc - e u - I  i t :  bail mi l1 inc~~, 2 )  con t inu ing  react ion of - u - u - - u - i  at ,n , . u - s p in orj c
wal u-c t’ with nitride starting powders , ar~ 3) oxidat ion ot ” the  n i t r i d e  b ’- - :wders dur i c~-
t I n e  i c-se t r: n ;u - u- - u - ’n - t  ‘ n c - u- - f i ri n g  in air to burn out organic  con tamina t ion .  f I n e  obvious
uune nu h :iu jc-n-n t’or t b u - c  loss of n i t r i d e  is the dissociat ion of the reactants  dur ing
f i  r i : , ’ w I n i c i ,  is evidenced by the ~ - .c:-:ration of metallic inclusions t , n u - c ’ - c - - n u -’I, - n u - c - t .  the
f i t - -:- :I sn -u -nc -l en :. I u - sn - s ot ’ Si j -  alone woul d not sh i f t  the composi t ion i t s ’ - ,  t , F u - e

- 3 t’iald , n -ut .  n -ny  less u- c-f -‘-It would .

In n - d O n - u - s n - s i n g  t h i s  a- ,ie s t, ion exper imenta l ly ,  r a the r  t inan  i i iv e st i  sn-n’ u- each of
n -- n : - : :- :  toss i t .  l i t  los u - n -  s i t -c - i l  -cli,’, it n,’nu - n- s imply assumed t u - n a t  they do scan-i , and
all cu - ’u- : , t n ih ’u - n t u - n  n- c-- s~ n l  I” I c , : ’ l u - S  c’c’rc , n - o s i t i o n  i n t o  t h u - c~ - I two n’b , as e  f ield n y
n - i : ,  n - n r c - k u - own am-c -n -n t . ‘O,er, tn -c  r n - t i - c - s  of X p 1 asc and a gL e n  c o m p l i c e n u - t a r y  composi t ion

c u - n - n c - u -- ‘-; u n m r i e d  in sic: a t t u -’: n n i - t  to aj u - sc r o ac lu -  th e  calcu,i ated  ~3’ co ccrn - -,u - s i t i o n  from inside
t , i n c -  H - 15 R l’ield. ‘Iho re  was another reason for taking t i c - is apu -crcu-aci, and that
is t h i s :  since t ; ,e precise control of s toichion netry necessary to yiel d singl e
inane 3’ appears to be difficult to achieve and because two-phase bodies in the

- ‘1 f ield 0.: ci ~~t ha’; - .’ ad”- -]u -c a t~:u - p roper t ies, the n it would be wo n - t tn s ib ile to
it n o e s t i c - a t e  the  s i n t e r in u-,l and pr oj  -- ,ui’t ies of two-p hase bod ies  in the ~~~‘ - 15 B
f l - u- id .

The composition dhCl5 was prepared and blended witI: 10 percent  of -1 phase .
:u - . is g ives  a u nj u c c i r c a l  ,‘u -n c ’al i  c - c -t n r -os i t ion  approximately that of cocn n lu - u -u - s i t i o n  3u1C5 ,
i . e. ,  well inside the  c- ’ - 15 R f ie ld .  Test samples 610 tn ~rougiu- 620 (Tabl e V i i )
did not n in t e r ; t h e F - ‘- c - u n i t y  -c- f the f i red samples is nearly that of ‘c-he unf i red
n-- si r : , It - must be an - sc -in - eu - I t ic-at all of the X phase constituents reacted in t ice
solid s ta t e  w i t h  15 B i - l an e  - T h r i u’in - the heatup period so that no l iquid  formed at
t i - c :‘ i r i t n ’ t utu ; erature . A composition approaching quite closely the 3’ solid
sol -,,t i  inn 3)i -gas reu-c - nrc-d fr-on, 31n0l5 ~ 1~ percent X r u -Pcu - se . When sampl -ns of
t,l,ir ma’,ec- ial v - - r n  f i r -  ‘d a t  1775°C with-c-u- nt the  powder pack which  I,e]j-s to suppress
‘: 5c c- or i- c - sn - u - cs (s -n - urn- i  or u- s c, 5 c’ ‘-- ‘n : u - u -  ) ,  t u - cy  did not achieve Pin-h d e n s i t y  and

v-nc ’ -: c u - c - f .  t- .-st u- c - .I . L’w - ‘ - . ~
‘ , w - -  i - : i ckc - d  i n n  powder of tie same composit ion , they



~~ - - -‘ .~~~~~~~~ ‘- - “ - ~~~~~~~~~~~~~~~~~~~~
- - ‘

si: t e r - - ’ u-I t o  h i gh -‘ lenc -r - i ty  (n-ann : las n 55—u -’ and tu - cc 2— - - ) . u-u - n - u- - n u - -  u- - u n - a t  i n - c  nc- . . ‘c - , u - - : : u- c c- u - re
is sinc -w n -n in f i g .  .~~- ‘ . He sample exhib its some closed -s r u -. u- sity and re-c --c-m aies q u - u l ’  u-

closel y sa c -n ; ,Le c-~. i ’ - u -,c-u -  5W/ s x phase ) .  The average stre ru-1-’ t~i -n
K sn -n -n -hu n- c- ,ested (- -0 , 000 psi) however is sign i f icantly h i gher ti a:, - ‘ at

ct the 3t g5  5~~/c- 3 samples (28 ,000 p s i )  or the  3hC1fl + 5
W

/0 x sa’ ‘n - c . ;  ( T9, :’On . ’
i - s i )  a : ?  this gc’ .:u; - contained the  highest  individual strength n ,ea s :nr ement , ~f,- , 000

It  wa s  -also l u-ni t to be worthwhile to examine the rossib ility of ucanci ng n - I-- nc - r e
s:’-~:c i m e n n i n  in the  two i hase f ie ld  $‘ — 0’ by r e a c t i n g  Si-~I 1 , and X pin-n -se . ?F ne
c- i c - . — ::.su-ru-’jc S dl 

~~~
,. was used as a s tar t ing material  for t I l s  sen - -s ~cf eornnl.. S iti - .:ns

~u-u-l , u-u-~n- , u-n-3 -n -nd A-~ , see b i g .  10 and Table I ) ,  s ince earlier work su -.u- 1:gcsted ~ i:a c
‘ : , ‘, c - ’:.at- ” r iaj ,  we ’,?? : 51’s - n gr - c - at e r  t ’neru us al s t a b i l i t y  in t: ,e c~ ~‘ n - ’u- r ’cc . A . .nn - :c u-. - u - ’  of
s c - t n. : o s i t . i - .’-n s wu - ’rc- i n v er t i n -a t e d  because the position of t h e  b o n n - s i n - n v  Icet w ’seu- c- tn - i s

—n t a n ’ ’ t ’ i u - n ,;d and t h e  tn - s ’ s— c - — n  n,n-sC field H — d ’  — K is ri-u t kru - . :u-wu - , : r ’ - c n : u - - I ’;, - f
n - u - n i :  n - c r i e s , cu-cc-nc -c u - u - n - c - i t i o n s  A,l and A2 showed l i tt i- :  densil’icatiorc a-,, u-.n t I m — ’ ’  -g c-i : u-c-

e n - ’ i - I - n u - . o u - c  t ‘ a t  any I i-ic-id t :ad formed at the f i r ing ,  ten-ic c-ra t -c- ic. i c - i s  :c c - . ’’ -? s c -,s
a -ai: ‘u n- c-, all - u - f f t c - c - I ’ , cu -hase  cons t i tuen t  had ru -u -a cted wi th Si ~‘:- 1:, tF ,e  ns ,c - i id
s t a ’ -c- b c c  f -n--r e t I  -: meit . it ig  j - o i n~ of K p l c -a re  w an -  reached.  P - c - n - n - c u l t  ion  A-  iid
d”n s i f y  wj t : , -c-n c - I. b e ing  j u -acked in powder , bu t  did ~ce:nrcify when in , n -h e  :-u w d ’c r ~-ack
c-n t l ’ ’ ’5  - ‘

. “ouns u - e s i t i  cu: ,?-t e x h ib i t e d  i -u - -n- s:nnai.iy u- ’u- -n- d d e n s i f i cat  c n n  w i t  I.  n t .  -a 
- -g d-- n : acu k c-i ’. 1775’-’ ” , ic -u t did u - : x n i i - it  an abs,oru-nu- aJ,l hin d :  c u - cnn - u -- :, ‘, c - n - ’ i n - - n - .  of ’ f r - ’--

Sil!c. . n rc- , indicat i r ,c- i . -n -t c c - :n - i d e r a b l e  dec-c crc-’- u-’u s i ’ i c u - c -  lu - ad ‘ -cc - - c - c - -c- u- -i lurin g f i r i n g. .
‘:c-r ‘ c - 5 n -,], u - n - ’ ~~, in -  cc -uu: ; , : s i t i c ut ,  ex l, ibit e d  u- -cod d e n sj f ic atj .n n  wu - , a :  t i r e - i  n : .cwcler

a n - k  , c-iuc- i l : u - u -c -n-r - w as  e ’;i -,I - - : n ce t u . n - t  c-n nc c-ni.u- st c - c - t i n - I  c-n ur,u -nu- u- , n , nc - ’. c -u - f i i  c c - n i : -  n--c c - nc - - ; r ” : - c c - : t
a~ ‘ ne t i c - i : , - - ‘ - . -

~~~c rc - c - i ’. nr ’ - c .  Tine n - ’nn - , : :— i e s v - cr- ’-  f-,nsc-d to thc : -ewder  n c - a u - c f .  f t - c -
i n n - r n  franc- c- r u - ?  -gl en -, i t  -gas at~ emc- t ed to- b reak them free by a blew on ‘n c - u - t u n e ? .

‘l ,c - t ’ t ’act. ’ure n -ad a glassl ike appearance . It is rupjc os cc ci t h a t  E , i s c s - c - u n - c - s i ’  I -c - n ,
lay i n ,  t u e  t h r e e — n - t s a r ’ :  n - n rc - c  o s i tio n  tn — n o -la n - n c  I :ndic-at ’ : d or t n - c  c- c- n c-c- ’- d c  a ’u- ’’e n..

r u- r - ’ - n , u -’t :. ‘,‘alcn- - n : d- -~ u - c r : :: inecI for ’  sn -n - tn - - ic - s  of th i s  corns -u - o n - i t  ic- n c-’ ’c -n ’nu - i ’u -u -~ 
- - u - c -  t n , r  u - n  -

se- r e ‘io n - i t ,  S yc-- lea], ~-t ’ all tu - :e  samples t },at u-c -ne j - c -u -c s u -n r n, ed t o  c O t ,  ‘ n - i - s c -u -sn ”
s n - I  n-i u-c-lass or x p c - a n - u - s .  Samples of composit ion An - ( E l  ,, l - I ‘ l5~~/o 3 )  u - c x h i u -  I ’  u- - s i

s -c -m e  I:” ; u- - - ‘ n - c - c . ’ i r . :~~r”u- u- nu - ’t. . ,  w i t : .  an a ;e r a c -u -. value of ~~
“ , - u - - n -  c - n i  a u u d  a h i — n .  val 1”-

of ’ ‘c5, :u-OO ;s i .

I n n  t i . e  ‘ se.. - x a n-. c - l - ’ n -  ‘ c l - c-c- :- .n of moving  the co ’u: iu -u - ss it  loris tewc-cr ’i l I - t i n -  ‘u-- n - - re
is  a : a n ~~ p n  an - ’ : (and ‘lass metas tab le )  fr -cm f ie lds  t h a t  dc - u -  no t  u- : ’:t n - lu - s  X

( i . e . ,  H — 15 5 in one case and 5’  — 0’ in t u -’ne o t h e r ) ,  c c -m s ’ o s n t . i - - c u - n- ‘ - n - u - ; - -  b ee:,
f ’ s- u - u -  w- ,i ch  car .  u - c  n - i : ,’ u-n r-’u-d to  reasonably h ig h d en n - i t i e s , nc :sd n x : l ’ ; .u - i ’ -  i. nssp t- -c-ved

n , ,  I r - - nu - ’~u n - ’ cb-i v - : -cse c o n - n c , u - n s i t i o n s  l ie  very cb s’- to t h e  ru - u - r u -  u - f ,  i n - c -  I ‘c c--
f i e l d  : - a r - l u - u s .  u - f- - u -u ;n r - -ns i t i ons  t l , a t  lie deep ic - u- t, l : u - c -  — 

‘ — 15 S acs-I 3 ’  — A I.:
do not sin ’- - - r , n - I  1 -c- n -:’. ,t ’,- i c r  t n ,e cc-u-r,-d it .i o u - s in - s c s I  i - a ’ - d n - l u - c - c ’- n - u -’- i i :  H?  “' c - run ,. -

c-s i ’  I o u - n c -  n - i c c - u cc’ in X -‘- ‘n - i l 1 , ’ sin-H er to full u - I- n :  : y r n - n t  - u - x i c - c’ i ’  if ru-u - u - c -  n -n e c inn , , I a.?
o cc-tic-S ; . u-- -’ ’u- n - c f c- - a i m e d  K or ‘i-”r s n -y 1 . l , n - n~ u - - .

I - ‘1

_ _ _ _ _  ~~~~~~~~~~~~~~~~~~ 
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POLISHED AND ETCHED SECTIONS OF SAMPLE 657
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2 . El-c- ’-’atc’u-I - n -n ~u-~ ’’u- ’ n - - u -  - i ’ c - xn nr ’ a] E,u r u --’ c . u-s I

u-’b~u- n - ’-’ e t ’ u - u - u - - - - ’- ’ u - i ;, -n’ s n t ’i’ - n ’ : ’nu - ” i b ~~~~~~~~ o ” ‘ u - c - ’ : c - u ’ - ’ ‘- : : f ’ n n ,
S O w o X  p u - u-u - . ,.‘ n u - ’’’ u- nit c u - c - u n  t ( c n - t u-u- s u-I + , u -~ ,,  i - u - t . ’ , l~~0 ’ - ’ ” ~i n i  - u- , ’ :’ , a r u - n ’ c- u-u - - ’ ’ - :

u -c - t u - d - I  ‘ ~ l J , n - n - u  u - t n , ‘u- - u .  i t ,  T n - i -  1 - -- V I I I .  F’ n ” , ‘t ,u - ’- n:- , n ’ - ‘ ‘ c - ’’ l ~~,.’ ;  - ‘ - .

1 - , S u - -’ , ’ a n -c  u - : t s , -n -c ’ , f u n  f t  ‘s . ‘ ‘ n u n  : tt ’ - . “bc’ “ ‘ u -  ‘ n ” ’ - - “ ‘ - . ‘ n , ’ - ‘ : * - -- H ‘in - u - u-~
- - - -  S

c - u - ’ ‘ c u -  - ‘ n t — u  , n H u - i  :n n i ’ - ’ c’ , i t -  - n , - ’ u- ’ - - : ‘ lu - n - er -n-a’, - -  ‘ u- c’ t n - - u - : ’ n ,  : n c - n t . .  - ,; S ‘. 1 , 1 5  l u - u - I
c n n - or .  u : , ; rc - - u - -  ( ‘ u - p . 20)  u- ’ ’~~~H , : c - i c - f  ‘ n - n -K u-~ ’ ~~

‘ :. i ’ , u - u - - . ’
rc ’ e, s ,c s o - - n P i t , u. s’n”c-i:, n - c  s n - n : , ’ u-c- l i c i r , c -  r - -s , , ’ i n , - ’ - ‘ ‘ u - u - ’ -  t n ’ ‘ - - n, - - ’ n - f ’ u- u- n - u - i c - n ’ .
c - r u - i n -  n - - nu n r n - u ’ , ’ n - u -~~t ’ . , u - ,~~~ ’ u - u- ’I~~r,.: -o f  c - n .  w s- u - - n ‘ - ‘ ~~ u - , n ’ ”~~rn in H,s-s .  ‘

~~ 
r~r , ” -

~~ c--
i t ’  ‘ u- K ’ ’ . tu - n u -  t u - r t u - -’ n ’ -c’ ’; u- is- u - c -’ ’’ u- u- ~~ u n, 1 i u - ,  u- — u - — n - f ’  c u - , ’ : - ’ - ’s ’ F i - n c - n u - c - ’ -  f r i  n - I ,  n - u - ’  c- - u-,”,: u- es ,
i ’ u - , t - ’ I u -  is v i : :  - -  ‘i t I ~‘(d u- ’.

‘u - c -’ t i c - c u-’ o : , c. — ’ ’n-’ .” :  ‘ ‘ ‘ i ’ :‘, u - i c-c n u ’ : ’- u - . ’ -u - s  - :  ‘ t n -c- -
- ‘ - - u - c u ,  : i n- - u - n  - u-

— - - u- ’ - - ’ v u -  u- -‘ u- n~ i ’  is - n -, u - n ,  ‘ i _ c u - ,  u’ - u- - _ Pc-a :‘ I . - ‘  . t i c - l u - c -  , , n ’ ’ u - .’c’ n - - ’  - ‘ I -n
- - n , l s , c -  :n ‘ . - -, u - - u - , , ’’_ ’- : - - n  ‘ - 5 ’ S~~” C l  - - n c - t n , : n , ,  I . ’ -  n ’  u- s - h  ‘ n l u - n  n a - a  1,1 - r u -  L IH u - ’ ’ .

c-f .  1: - ‘ u-
_

u- ’. ’  I r e ::  u-c-

u - c - n -  n - c- i n - ’ ; -  r a u - ’ , r’ t -’ -p s u - n - f ’ i o u -  ? ‘ ‘ - ~~~~ ~~- - p n - s e , :‘c-” , H u -”
d O , is  c-- u- c- en i t ,  l i t -’. ,t i. T i, ”- - an - n: ? - a’, . ’ au -’ I n - , - .. u - n - I ’  ‘n :‘ - n - . i ’ :  s c - d c - - c-c” - - - :
r an - u - ’  n’ ” ,? :-: i — -  n 1 ~~~ ‘ u - : er’ c- nn - ’ n t  ‘0 n o t n r c -  u- ‘-‘nc- ’ i-sg ’i:.- ” , ‘ ‘i u , ’ni : su - ’ l ’, c c ’ a ; e n i- -i

u- cc- nc ‘ n t  2u - . -~~~c-j r 5  t u e  a ,  
- 

‘i” - -  S. c r c-c- ;  n -a ’.’: t : ’c - ’,n : -
. ‘‘n -u .  ‘ ‘- l u - u -  - c - - a:- ’’ n-c- , : ‘a d  r’ - ’ u-n - c t , ’:- I

7 x I — ‘ n : ’ ’ ‘c - f t  - u - ’ ’ h n r , , g ’ u-un . - n , e ‘ u-u- , ’’ -n a n- ‘ c- n - nc - c - n - :  a -‘-- u - I . f,? --u - c -  t n - c  :au : , n  1-’- ;,“in-
u- ’ -Xa : n ,t :, - - :  a:’’. u- u- ’ t c - € . n- - c - I , a r a u - , ?  . rc - a , t -  0 u - ,  u- c- t ’’ ‘ . ‘ :n ’ - ’ rc-- ,:- - n .  a c - n e sn :r I ’ n -cu --

. t’ t n :  s’nrn n n J, e , as s - n i -sen . n - n ,  : t~~ . ‘ ‘ A .  lIe u- u n t - n ’ u - - - ’ - u  ~ ~S~ c n - r . hi ‘u- n : -  ‘c- r n - u - c - u - c u -’ and
o r - c - u - n ’ - -  I b a n - c - u - a ,  c- r , . ‘ ‘. , , u -, ‘ : u ,Cl  r . u u-’, - I’; .~ n, i u -  w : - .- nc - i u - u - c c -u- h,’ec- ’S ,u- c- : s t i ’,’

u - u - - n - t n - - s i. .-‘-, ::-‘icu’ .- u ’’ ,n 5’ a “ n-- a ’ ’ - n _ - i  s i r E - ic-  u- - : . ’gn ’ t h a t .  a n- - u - a - - ’ i 5 u -s ZOfl i n- u - u - ad
I Soc- a u - I- ’ - I t .  ‘

~ n -t n t’ X c - ’. ‘ n ’ - - j V or , - -  s i :~’. . i, :‘ s c - c -  c - n - u . n  i n -  ‘ :, i ck :c-ess .  ( S i p .  *‘h .
- ‘ u n - c - . f - c - u - ”- r c - a - ’’ .l :n i n - ,’ - - r W’c- , u .  - ‘ u - u - - n - .  :n , u-’ c-u - t , n - ’  f ‘he ‘- - u,:iJL c- 1- u-ad , t u - u - e

c- - u - u - s u n- - :‘-ru -u -:n’es - u n ‘- l u - c  n ;c- it ::n C c-nt s i r -  ‘ c- c- :, ’ t t  u- cc’ - -n ‘ u- r t  c - c u - n -  - 
‘ n ” - i n ’c t e d  w_ ’:nl d

I n - vu - b”- ”u - t u -  -ar c - c u - ,t

0 u-c-”
______ = - -1 u-_u-_u- = 1’~ , A0 c - n i

is  c - u - s n - c - n - n - u -- I  ‘ a ’ t u - -  ‘ n r : u - ’n r - ’- c - , ’ i u - o r u -’- .an ’e i c - c - cn ’ - u-”- c’- r u -u - ’ ’ ‘p S -- c- 5(1 ‘ cars  w”u - n- t in e
r u - - c -n j ’  c - f ’ -a -u - - n . u- i r u - . u- - ,nn i u - c r -  ‘c - c - ” -  l u  f -he t - ’- c , r c i ” n t  u’ -s . S c - c  f ln x : ,r u J ,  cre- ’i’ d-a ’
f ’ -c- n -n - u r n le  “11 ‘- c’  u- c- - u n - n a r - - u - I  in  ~~~ . -A wi t  ~ . 11 u- O C-°u-T u - ’ - c - n  r’ - ’ s s iorca i  cr - u- u -u - c l’- da t a  of ’
0 -u -b ’ s - - c -  ( F -  1 .  5. ’ ) . .  1 , -n E l f ’ :. st  c ’ - r -” t ssu -c-I n f l  -; ‘n’s? f—n - n- u -n ut: - - - 5 u - I - - Pr To ex t r a —

F u- j c - u - c ’  ‘ n - -  I H P °P C u ”  ‘ a ’ ’ -  - c - f  san :~ l - u - u - - l i  
~~~- - ‘ ‘. , a n  c - c t  n ’:’cI i , nu -n - energy of

95 ic u a,1 - u- ‘c u- u - l u -u-’ n,;c-i c-c a n :  c-n - u - n i .  ‘1 1 cc- i’ll Al hI c - c -na t - . ‘r in? c-, u - n - c -u l u - - c u - n a t - u- u - I 590 c -c - i d 65c were reported

I - : -

— - - —— - ‘
~~~~ ‘— -~~~~ u-~~~~- _ _ _ _
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TABLE VIII

Avon-an-c Four Point Flexural Strength of Test Bars
of Compositions 31~C1O+1O w/o X Phase at

ic -i .f fc,u -rcn~L Temperatures

Average
u- u-n- c-u-nt L u ni ’~.’ N un-ic-ben P trength
( ° )  of Tests psi

lu -_ I 23 3O,1-~00
],~~ ‘1,’ 2 -.0 ,000
13( 0 5 2( ,000
l’c- ’u-’o 3 ~ Cu- ,OoO

- ‘  -
~~~
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SAMPLE 801 FRAC T U R E  SURFAC E
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SAMPLE 806 FRACTURE SURFACE
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PHOTOGRAPHS OF 1370 °C CREEP TEST SPECIMEN

,~~, n - u - A n -c - u - n E  an -n - i i t  l u - u - ru - H O U R S  U N D E R  LOAD OF 12 ,000 PSI
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COMPARISON OF CREEP DATA
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n -- s have a 1 : 1 mole rn - t b of -U .u-~
)
3 

and Si
3Nj~ with 6 and 7.5 w / o  u -it O and 2.5

s - u-s r - cent  1-Ig u - u- added . I t  t i c - i s  s toichiometry were preserved dur ing process ing,  the
e-sm Fu - - ) s i t i~ r t n  ( i u- ’r Ior ’irl g the 2 .5 percent  Pghu- addi t ion ) would be about 23, 21 percent
Si , 19.00 ~ u - u - ’ ’~ c , r u - t  Al , 23. El percent  0 and 30 .52 percent U .  This is riot a s i r u - g~ e

c-c-c-u-n ‘ .‘ -c-r u - n ; ’ e s i t  iu -, u - u - u -  h u n t  l ies  in t i n e  ~E F ’  — X two phase f ie ld .  At equi l ib nmuru - , ,
Sc -  n--,’,c -u -Ju - i L’u- n - ; - a u - ’ r x i n s c - a ’~ ’ly ?,O r- ec - ’cent  of ~~‘ and 20 percent of 7, phase . The ~~

‘

F n -nc - - ’ u-n-s- s n . : - c - s i ’ .j  - n ,  w u - c u - J d  b in’ somewhat r icher in Si 3Ni~ than t i c - c u -  composic-.i c - u - c -  of s n - m i l e
11 (,n . -: n c -u- c - n l c -. j u - u - n ,  c-O , c - u - - :iij le I). Since it is not reasonable f , -,u- n - s n - u - c - n -u --nc t u - n a t  the

i - u - a - nc - nc - ce  E u - ,) - ‘ n c c : n S  u - i ’ n u -  lower inciting p hase (not to ment ion  LLu - c - u - e f f e c t  u - u - i ’  thu -c-
1 ’ - ) v~ - n,i I u- ’l ’u-’u- - c - u -  u- V u - c -  - c - r u - c u -’; res is tance compared wi th  a ( u - e a r l y )  a i u - , u -~ ,e ~u - ) ase

eu- u- un , : u - u - c - i L l- u - r n , 
- m u - ’ u - n l u -’I . c i ’  Ci’ u - c - ’ n  u - - a t - :  u-si’ sampl e 811 t i u - a r n  t},e 59D and 65C SIA], u - O s

c ’u- u - u -  n - c -  u - - P u -s t n n - t ’ i u -,’ ’  u - S  ‘ s i n  ‘ , ‘ - ‘ u - i  u ,u- u - i .e u - c - t O - s d  of t es t ing  (f lexc - ;re  rat .Ocn ’ than
c u-cr: , - :‘ - - s S i - c r n ~ . ln’ - - u - -~ - s an : , : ] - ‘ u - : i. n - c - n j  t-13 w-, - c- ’ u-c- tasted at sn - c - eu - - c -s level s of 22 n -n c - ?
21, k - s i  n’ - -: : cc- ’ i v -  S ,‘ ‘  u - u - n d  n . c-h sail-c ---i n - f t-u - u - ’ sit u - c - c -n t 10 minutes  n n n d u - ’” load at  13( 0°C
I n n  ‘u - c ’  u - n ,  n - c - - u -. u - c - :  1 - - ‘ n - u - , . - - ‘ t - u - n u- : at ’ c - u - n e  tn-c-ic- tune surt’ace of sn -nc -ale ?l~ are
‘ n ,  i i i  u- , ,  fO E . n - n ’ , ’ - c-n e V u - ’  u- “ n ‘n- - -w t  n a c - u - ’  u - I n c -c i 5115 u - t  u - u ., n -F  u - n - u -  t’ f c n ,  c- n - c-- a

,n i j , j j s , , ’ . u - - ’u- ’ a c - i - u - r a ’ i by c - h :  T , ’ec-n ’,- ’u c - . -e o~ c - c - n - i s - ac - nc - ;  t : rn ~i uu-
n - u - - n t , : . ’: ’ n - n ,  i s -  - .

- -  . ,‘ n-Oil in -~ ’ it ’ — 
‘ c-n f l  Al 11: I n ’, c- u n u -_- rt  At s n u- u - e c- 1t u u - c  re

1 u - u - c  i c  -u- ‘u- ‘ s t  rc-’r , u -  ‘ n - u - n - u - t n-i ci- u- -eju- measurements  in argon ind icat  u-c-d t n u - n - t  a surface
r n - n - c r  j o :, u - u - c - c - c n n ’ r - u - J, t i - c  n - c -n i - face of creep specimen t~11 was examined in t I e  x—ray
di t ’ f r ’ : u - n - - n - u -c - n n u - u -u - t - :u - ’  and ‘a c - u - s  a stron ~ pa t t e rn  of A1N p lus  a very weak -a ’n t e m a  of

u-u-l u - u - f .  1t,e ’,’c’act u-ni-ccl sur face  was examined in SEM and Ehoc-,l-: , and f , u - n e  r esul t s  are
c - n c - -sc--n , Pu- 7ig. c- u-c -u- , l1,e c - n - n r t’aco layer is porous and contains no detectable  amount
of su b - c - u - n . u - t c - ”-r ~~

, nc -n :; u- sn -n - u-’- t n ’  be u-no i n t e rmed ia te  products  or reaction layers , so
it may b-c - n - s n uu - n :nu - e d  t ic -at  t t n e  surface layer is uniform and contains  onl y t in e  major
,-UE n- u -nd n i n c - - e r  Al .u- - - j u - r o d .ncts  observed by x-ray diffraction, it is thus apparent
Lnna t, the Siu -u-j, -tO ~ s

0
unstable in argon at 1370°C and decomposes d i rec t ly  to t he

ind icated products .  T h e  most l ikely react ion for the decomposition at compos it ion
31.i (x=l b)  i s :

(1) S11 i , u-’1
~~~ u - c -  ‘ -

~i,6 ~l i . ( u- 1. u - u - t i ( A1N + O ,Otu -hu-’( Al20n- + l.~ u- S i  0 , , u- 7 N

W I , 1 C c - i  is in a u- -i - c ’ e t n e n n t  w i th  the observed x-ray results and consistent w i t ’in t h e

o n u - n c - u -n-u-”: - ’u-t ions ci ’ Pessier and l u n n u n a  (Ref .  19~- that  nnixtures  of’ Si-~N u- u - a d  -li c- n -u -
3

u- n a t e ?  in i’ l u - c - w i : u - u - f  a ru - - u - i u - u -  to 1 :50°C did not react to form stable PlAit -Us but

u-~~u - u - c o n
c-
~ u - c - ” ? , 1u - r~ n :ab ly according tn: the reaction :

( 2 )  0 130., - f Al2 ) 3 2 u -u - CLU 33i0 (g)  N2 ( g ) .

Ti c. c - enn ’ :u - ”U “ - i u a t l - ~~n for the decomposition of B’  Siu -U -Os at temperatures
bel -w the d ’ n n n o t n , : u - o s n i t i u - u - t i  f,u-n’ u- nn: u -cn ’atsi n r’ e u - u - f pure 13i3N0 would be:

70
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A N AL YSIS OF CREEP SPECIMEN
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(3)  Si”u - _x Al
~

O
~ N~~~ ( s )  ~ -a Si3N1,1, ( s)  -F bA1N (s) + c A120n- ( s)  + d SiO(g)

+ eNo(gL 0

Note that for x < 1.5 ,  c = 0, and that for x > 1 .5  a = 0. For the case where
x = 1.5 both a and C = 0.

To date , we lu - ave u - n o t  made any long term heat treatments of ~~~
‘ SiAlONs

in ine r t  a t m o sj u - l n e r ’ e  or vacuum wi th  composit ions in the  range x < 1.5 and can
,:nnl v s nu -”cu-niate on t i e  kinetics at’ the reac t ion . Regarding the kinetics of
n-cact i-sn : (1) (x ‘- 1.5)  we can postula te  that since the reaction layer is porous
t i c - c c - u - c -  woul d n e  l i t t l e  impediment  to the escape of react ion products  from the
I n c - t e n - f a c e  nc - -,c- t i , n - t  l inear kinetics would in all likelihood apply. Cal cu la t ing
n- I c - c  n - as  u- ’ u- u - u -’ i r u - t , e r - f a c u - n  n- -st j o i n  f rom the s ingl e data point  represented by the
erect- tes s- gives t u - ne  rate t at 1370°C

= 
ç . 0) O ) 

= 2 .2 x l u - ! u -  in / i -c -n ’.
90 h r s .

:- n i.c - ru - is tI ne tnu -ic ktn cc -c-s of t hu - u - s  r eac t ion  layer . At tic -is ra te  the creep specimen
w c - u - J d  n c - n v - s  cu - een c - s c - n n ;u - l e t  ely conver ted  to PiN and Al, 0. in less than 300 hrs.

Wu-s an-c not aware of any reports  of s imilar ly ic - I n-dc - rates of decompos i t ion  n-f
:,3t, p ressed Si 

u-
0 , in va cuum or ine r t  atu cu - i sp in ere  at comparable tempera tures , and

c~~n u - c - 1 n n ? e  t i c - n t .  ~ t- is t ic -c  presence of substantial amounts of oxygen and aluminum
in the  ,~~

‘ l at t ice tha t  fac il i t a tes the decomposit ion by 1) weakening  ( expand ing )
tine structure and 2) F - e r n i t t i n n-S t h e  formation of volatile species at moderatel y
low temoera tures .

5. Oxida tion ‘rest Results

The weight  changes  of samples of composit ion 30 heated in air  at d i f f e r e n t
temperatures  are recorded in Table lix . From these data , tine values (n w / A ) 2

u - ia- /c been cal culated. This  func t ion  plot ted against t ime yields a s t raight
l i n n e  if oxidation follows parabolic kinetics. The data lu - ave been plotted in
t h u - i s  fashion for comparison wit in the  parabolic plots of recent data of’ W . C . Tripp
and H. C .  l r a h i a -n -  ( R e f .  21) for t i c - c  ox ida t ion  of commercial hot pressed
Si c- ti , (U-s r-on HS-l3c-)) i n  F l u - u . u - i .  It can be seen from these curves that tine

~~h i u - I c -~, u - n - l u - n -  -a t’ ii i , -’?,- -U ‘ru - a u- - ‘n - l ai n- are an order of magnitude less than that of
u - c -, u-- t n - c -n -d ns u -. at c - -’r i a i t  at l3~~

Ju- u - u -
c and l):00°C. At 1000°C , the weight ga in  of

. n u - — n  S i u - J  ~1l was c - cu - u- small c--s be measured . The x-ray diffraction pattern obtained
Ir e ’s :  t i e  c - u - n c - I n - u -- - c- I’ t , F . u-: oxi u - li n -,ed sample of composition 30 was weak and showed
a ; u - n - c -  S u - r ’ n ,  t u - u - n - u -. could be accounted for as tine strongest t’eaks of mullite
s u p u - n r i ’ - . ;-- ss ’c - ’u - l  cii  these - u - I ’ ~~‘ S i .-?, -N . The strongest ~~~

‘ peaks were roughl y twice
tine i n c - c- u - u - r i s i t y  -n-f t h u - c  :n:u -n l i ite  peaks . A iu-hotomicrou - n’ap h of ’ the  polished cross
sect n . m i n ~ n -he  n - - c - g l e n n  of t h e  s u rfa c e  is shown in Fi g. n; ’~ There was considerable
C i u - i~~F ing  u - u -’ uj , p  edges au - -nd  l i i  -out -,u - f the oxide layer dur ing  po l i sh ing,  but it
a: - - a n - u -  i - ‘at t O n e  u -x ide  layer  (mul l i t e ) va r ied  in th ickness  from about 8 I~c-
(O .3 m u )  to 16 u- c- ( -3 .u  mil). Comparing this scale thickness with the estimated

7- ’

__________ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - u - .- .,n~~ u ~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ . - , ,,, , ,
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M U L L I TE SCALE ON 13 ’ SiA ION COMPOSITION 34 AFTER 50 HRS IN AIR AT 14000 C
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t hickness of the A1N scale orn the same body heated in argon at 1370°C for
50 h ,ra . (11 nil ) one can conclude that  the SiAlONs are more s table  in air  than in
iner t  atc - :nostc -ic -ec -’e

3u- ni t’idation Test  Resu l t s

Tine ~ SI,J oo c-e n n :F -o s it  ion ~ 1u - 1 st  about ~ , 0 -n :g /c nu - c -’~ during t he  2 - c - n c - s c - r u n  of
0 ,35 i n n - - , -J Inis corresponds to r- u - u - n g h l y i n - l i ’ the w ei c -h t  on ’ sod i c-mr s u l fa te  that

n--as sn -n -a y e ?  - n u - t a  the nc -- u - u - c - u - u - n le I nnit-ially. c-’ .f ’t er tu- :e 1~e’st tune x— n-ay diffraction

c - u - c - n - u --n - u - s u- u - u - u -’ t r - :  c - u - n c - f a c e  u -u - t i l l  c -I c -owed St r n - n c -  ~~~
‘ pc- saks plus sati n- - - ‘en -ku -nc ’  n cu- ikn -

c-u- 
~~~

‘ - u- c - : n : m - . - c - CO ~u - c - :  a an - u - lc - n’a t - ‘ly i n c - u- c- nse am-i - u - u - i -c -n-is b a c k -c-- - - u -nd - I ’u -~- ’ st r - - n :gP st .  of
u - n c  x 5. i ’anne  c - c - u - s  ~- e n - k c -  w a n  c - u - I .  0 .1 ‘c -A w h i l  c - n .  is pn - - ’ iu - a h .-l y n - n . - -  l u - Il n~efJ  u-c - c t  i ou -n  of a

c - c - -- u - u - a t  - x c -  ~c - s , i - ,u - , I 1 u-v c r i s t s - i n -.:?, It o  n - n n n s e .  - t  u- c - -c - I o n -k s  W O I ” u- - - u - n  - weak 1 ~ c- c c - a id
h e  a ’ t n ’ 2 n - u - n t e - i  ‘.c- - u - i c - c -n -  u- n . e  l u -c -u -’ c s’ i u -~s t sl u - a l i n - c  i ,”J u - . , A n o t c - o cu-’ u -- :ac - - n . of

iu -~ n-sj jc - n ,u- ’c - u - u n - c t  iu - c- n~ c- u - I ’ tn,e s n - u - u - c - u -  l u - c -  - c - tn - e r  t.~~s t i u - c - u -- is n - n  - u - v u - u -  i n  Fi g . -- 3k . u-’u- r” u- ’cc ’ 1 .- u - ,
i n - u - u -u- - ”  on t a c - -,nn’ t’au-u - ’ ’ is s e - c - m u -  n-- s u-V ary fr -u - i . a t },ickn -c -sc - ’ of ‘ n n u - -  ‘ - c - n -  - ‘ ( . i h  mni l~
n-c 8 ,,, ( .3  - n i l ) .

En c - u - u-~c - t r ’  n - s t  s - n -  t n . I s  t i c - c -  pressed u - Si , 0 
- 

sample n - in c - ed an --u - - i t  0.~u- s s u - ’ . ” c ’r ’

2- i n- inc - u -: t - c - c - t~~n , c - , n - nc - u - I c- n-u-i u- n - k e n  on a u- ’lu - i r sy  c-ih~ e a r n - r i c e .  Y-rays off the surface
S .  -n-- c- i a u - u - t n ’  u - n c -’ n . c - su - c - -s n ’ u - - n u - u - sc - ns backer - u -in ? and St rang t eaks c.u-n ’n ’esj -ou -~d r ig  to ‘,i

c u -j c - t n - s a i n t  -.- w i n - i c -  n ’ -n- i ’ -c - -c -’i’ u-c- d ( h u n - c - )  - s i ’ ie f lt a t i  ) u - c - ,  ‘F in e u - n . h — m ed s e c t i - n c u -  is c- -w n

i c - c - u - u - l u -- , - ‘35 . F l u - u - c -  n’ u- - u - i - u - u -  i - c - u - n l ay er  w h icnu - u - u - c -c- suffered ,-n n ’ u - st n - c - u - I  ial n - a l l — c -  ,t d c - n - i n n ’
--c l i s  - L u - n ’ s - n - n c - u -  nc - - u-u- f ’ s - cu - i ,  n-n - -u - s T  35 ~c- ( 1.0 sc - c - t i ,  ) t j 52 u- ,, (2 u - n , i n - , i t  Is  c - nu t  f i c i  cal I

n - 3 c - c -  5~:- n - ~ - - - - n i t , - e n , e’u - r a tj on  u-s i’ x — r - r n y s  to t i n e  u n - n  u - u - a —’ ’ - u- ,-t i  , t l . u- u - s  u- lie - u - n  ct-sn- c - sn -

~u - f  n - c - n e  s - - u - c - o n - i  c - n c - n ’a-s n u - c t c - u -’ s a lf i dat i o n  a t t a c k  u - n .  c - t i  U i n -  ‘ al 9 t imes t i c - a t  a t ’
- SiAl- l U c - - n - u - u - c - n  c-s i t ion  30 

- -

7. n- nc r,, ‘F ’u ’ :m n h e n - n u - t i:’e Impac t Strength

- 
5 . ’c-u-j], t S - I’ i u - n c - c -  n - u - c - r n -u - u - ,5 u - u - u -J  - ‘ l u - ac -n . y  i n n c - I u - a c t  a l -nu t  i flu -c- - u - t ’  bars  c-f C - s n n p o c - i t I c - u - i u -  3~~2l u- 

n c - ’e  i ncu- n i n n  ‘F’ n h u - l -s ~ . Also sI c -awn in Tabl e ~
- . are impact data for

n , - ’ u - - u -u - c - ed  21 c-~~ u- ( t- ;c---i - u - , u- ) ob t a i n e d  in  t i u - i s  laboraton-y by J . -I . Brennan (Ref . 2 2 ) .
- i s  n- u - u - n c - c - c - r ’ n -  ‘ n ’ a u - u - h  u-sf the broken lu sh act  :;~~u- ‘u- c~~n m c  showing  the  degree

- u- . . ncu -,- i  n u -  a n - u - c - - u - c - i n - t e d  w i t h  the d i f f e r e n t  l evel s u- u -f  impact c - t r u - c - n i u -- th . The
- ‘c - I of i u u - u - n u - u i c nu- c -t i - n - n - u -- t i n  occurred wh~~n frac t n-n r” -- wa s i n i t iat e d  by a iii u - - c - -u

u - u - n  t i n ~u- t ’ n ’ -n- u - r n tu c - - c  c - u - c - r u - a n - s c -, F ic . u- c - 5 ,  The 1 1g 1u - u - ’c -- t f r ac ture  energy , . P0
- u - u - u  u-c -n ’- , ,u -i n il ;i u - l u -u - u - quarter  of that  -n-u- f t ine  u - u - n u - t  :‘e u-u- u-c-’ r’d Si 

u-~~~ . T h u - c  g lass—
n - n  ‘u - n ,  ‘~~ n -- u -’ ‘ - it f n ’ n - u - - s n - - r u - t c - c -  c-u- ~n in F ig .  05 and the u - e r y  low i m l u - a c t

- - n - n - - i c - c -  - n ’ u-n- u-ncu- t I c - c  conclusion that Ic-he mecnanical 1u - u’ c - c -T erI,ies of
‘ _~ n a n - u - -  c- ‘ I n ’  l 1 - u u - u - I  by a u - l a s s  in t u -n ’ ru -’n ’ar iul ar l u - u s e .

- ‘. — — — — —
~ 
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TABLE X

Charpy Impact Strength Data of Composition 3L~ SiJu-JQN

Impact liaximum
Sample iJnne r ~~u-r Load
Number in. lbs lbs

‘
. 07  (~) . u-hO 2 ~-5
808 n , u- u-
809 . ~u- - u- u- 16
u -

_
l u - u- — . - 2 5

3•5
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FIG. 44
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FRAC TU R E  SURFACE OF IMPACT SPE CIMEN 810
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SECTION IV. StJ!u-~v1ARY AT~’D C0NCLi~~IONS

Att emu - ’ts  were made to produce single phase 3’ Si 3_x Al~OxNx~~ solid solution
ac-l ies c-c-u-- a t ransient  liquid phase process. In this process bodies were formulated
from two orereac-ted comnositions one of which (x phas e - S13A1CO12N2) has a meitinu-J
ran -c in, the ru-e u-. hborhood of 170C°T. The second c~~ position was calculated from the
Iou -c- cr  u-”a le to y ield n- tang le c-u-hau-ue 3’ when reacted with a predetermined amount of X
F b i — c - u - c -  at 1-caic-erature s above l’T Cu- O°C.

t- c-2,lu-r dense bodies were produced usi n u - ’ this technique, and one such body
(sl 1~~~ c-,i1, :u-u- i, g :u -2 0

’h was characterized in terms of microstructur e , room temperature
an,l cc-I c c - n -f ec-I ten seueu’ru -t ire sc -k - c - l u - u - c -  of r’.n p tc - i re , ic-l ’u-J °. creep, thermal stabil i ty,  oxida-
t i o n s  au - c - k  n c -ui ,  :‘IJc -n t i o n ,  u- u - c - c - a c - h o c -, n-u-sd room tem:’era ”c -n c -r e impact su - c - r rc - n u --t l’c - .  The bodies

- - n-u - c- c r n - I  lu-c- a u --u- c -u -car e  I s J nc - u - : l~ phase to x-rays , bun- . c-d. crostructurai  evidence and mechani-
cal inc -u --cc-t ies  indicated thu -at rcc-u ic-i-sal X nc-ic-ac-c (whether crystalline or glassy) was
i - en -t in ned  h. ‘r u -u - u- u - c - o- u’sdau-’ien- au -c - i, u - c - ad a strou-s u- ’ e f f e c t  on mechan,ical, properties.

‘Fi ne u-nu -ea r c - room terru -nerat ,’c-re and lST u-1Ct ° ’ four :u-oin’c-t flexure st r en gth for such bodies
was a u - - o u t  n - n -,n-.c--~ u s c - i .  This fell  to 26 , Tf l u-c- c- u - n t at 11170°C when tested in argon atmos—

u - - i c -c r c . Fist - eu - c - c -c - inst :‘lex’ u-ra i creec- tests in : arc-on a tmosphere ‘u-ave a steady state
c-r e eF  n - a t - . ’ u-c- f 3.1 x i -l at a tc-’n c - , ’ lie  c-ti-n - u - u - u - level of ~~,c-n nF- pc-i at i~ Cu-C-°T.
‘Fin u- u- u ‘c-”Tc- nu - c - u - ’u- I u- u - i— n-u-low then ‘on:,: c- eu -u - u - u - I o u - c - a l  c r c - r u -u- u - - a ’ e of hot pressed u - l i  3ic - i,~ under these

- u-eu-ski tc-ions ,~‘i ..i c-c-i , I c - u -  ron-u -nc -n - -c -I as 5. h x i, c-
~~~~ 

- u-
~ 

-

2 - c- 3’ : ‘ikJ  Os -tr -c - mu - a t s t a n - ’, - u -  in n l u - c - c r c - q m r , ; n u - u - i u - u -u - r~ at cu-c-c -at e-i temperature but
keu-n --smp nnu - o a c - u -  q ru- ’nu - t l v  accordiss ’ to t n - c - - r ca- - c - i  c- u - ,  ( f o r  x = 1 . 5) :

( ‘ i 1, . ”u-i. c- , n- ‘
~~~~~~. - u- 1.5 lu- LI c - )  + 1.5 ‘i:- (c-) +

at a v’~ry n - u - n i  n c - t n - u - c - t i c - i T  r a t e .  At 130C°C the rate of n- ,Laru-ar in te r face  advance ic -u on the
orde r’ a:’ 2 . 2  x J. n-~~ .i : s . : i . r .

-‘u-I t I no nu - - hu -  C u-c- ‘ 5:11 ) 0u -n are uns t an - l e  in c-i r c - u - ’ r t  a tmosphere (and presumable vacuum)
n - Sc - u -c - T, r sc-a c -c - e u - 1 tc-nTu -c-nu-erat u-rn -, rouT nu t - anre  to ox ida tion -  irs a ir  of the Si l.Ll,Al 1, u - , Cl.(u-N2 14 bOdy
is n’ru-a u- - u- -u -c - cIi u-- u-’ c - u - n c - u - n r c - u --sr to I - u - , a t -  of ic-c-h c - - t o s s e d  S i c - l u - u -u- r’on t a i n s i n :  I-Sa c- . The parabolic rate
c- onc - s t an it c -u at T u-Fu- c-~~~ au-sd h -u - f l  C n - o r  the $, j A l u - u - I -u-’ are rough ly c - u - C ’  t ic-sues 4 h cu -sc of the
s- u - u - :~c- n’u- u -a ’-eu - i al . The s n - n - e r i o r  u - u - c - x i d a t l c u -n u -n t a t i ,lni t,~u-~ of the OIA 1ON is conferred by the
fo nn-un-t ion of a n - u - u - l u - c - ’- c-ic-n-c-c-IT n-ru-a coating of mulli u-. c .

‘~I 1
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u -flue u - l u -u-u-l u -Il body also possesses excellent resistance to sulfidation attack as
ce nu - nu-arok to hot ~u- iessed Si 3N1~. After coa t i nn- - samples with 0.1 nn u -/cm2 of aerosol
carbon and 1 n c - u -nc- ‘ c - c -m u- TTa -u- i5 0 14 and heating in air for 2~4 hrs , the reaction scale on the
,c- l u -U-c - -, lu-ody was about 1/10 the thickness of the scale on the hot pressed Si3N 14.

l u - i n c - u - u - n u t  s t r e n n u - t h i  ot ’ the S1A1ON bodies was very low (less than one i n n . ic- . compared
to c - i i u - o u - 0  c- .5 i n n .  lb for hot pressed Si3N 14) .

it t n - u - u - c a n ’s to l u - c  u - i tc -t l eter l ous c-c u-c- far as mechanical proper t ies  are eon cu -.- i -n c -cc - i for
t in e  c - 5 .u - 1 l ’F u- odv c- ’ u - c - t - n - i m n  any ‘F u - u -m ans e , yet transient >1 phase ( l iquid)  appears essential
Co u - u - u - c - i .  I c v i  u - u - - ’ ic - i - u - u -  J em n u - u -  u ~ bc -c - i  u - u - n u - n an u-~u - roa u - 7 i1u -u -n:  were cons i k u - n - r u - c - i ,  for eli n n h c - n a t i n , u- res 1—
dua l -I’: ~ u - a n i :  u-c- 01 i n c- s u ’u- ’ou-n c- ‘c-u-ni I s ,  u - u - :  c-rnd arc -Les . S c - e u - n i  n - C  cons - c-cl o!~ stoichiomet ry Is
vu-c- u-F l u - l i  n ’ u- ’ u -  cul t-  1 : t h u - c  c - -y c - t cu -u -u - i u -c ca n c - .u e  of u-,a r  an l u - c -  oxy u - u - u - m n  u- ’ou - ln - en t  of n - t a r n - i  n u- ’ rnu-ateria lc-n ,
the  u - u - a u - c - s i b ’  i i . i t -u- ,’ c- f  u - u - c - id i  m u -  - - u-c-u --nc- i c-c-c- u-, .  iu - i r .I u - u - .  - u-I nn -tI c - u - u - u -’ t in e  proc - - c - c - u -i s t u - c - c - n - n :  , and c-bc - vap ori—
c-at ’cotn of c - u - e u - u - u - Cu - t n - c- u - c - i-c- - u - u - u - u -I u - n , ’ i n .n u - ” t c -  t u -c - rs c - n c - c u - ’ a t c - u - n n ’-,~ n - s r  u- r ig . u - - e - .c - a u - u - c e  tIc -c 3 ’  ii ou - n n u - c - gc- n n-: ity
“u - e l i  u-i n - n - u - - a t - u - u - to l u - u - c - u - - x ’ u - u - c -r u - u - c l -c- u -u - c - cr c- ow, arc -c - d u - u-’ri at ~u- DSi from u- c-i c’ t lneoro t i  cal compositi on

u- _ .r c- - .  ~ u-~~_x ~~ 11 u-u -c -c c-ru- - he c-en - rr o n u - i u -  i ou - s  of’ u - u - c - - u- l u -c - Pu- ’ Cc-on , b n c ’  nc-I s c - ic’ Dh ase ‘u- - - i o u-: of
u - u - n c ’  u - u - i c - a n - c  ii ‘c - u - a u - ic -n  i u - c -u-’o a u - c - n. ( n - u - -  Ic -re c)  r u - c - ac - - c - ,  r u-c- - u- - i ou - i  • ‘ i n c - c e  poor mu - n c - u - c - u - sn - - si c-al u-sc-c-
r c-v l u - - u -u - r - u - su iu -  if  + ic - c  h o-I ’,’ f” a l l nu -  in 4 o I n -  - ‘ — X f l u - c - l u - u -  , u - c - ’~’p u - u - v j u-~~~u - u u - ’ s s q - u - u s- -u - nc- u - n - u -I - c -  w i  - h

u- c - e u - u - u - i n - n -! u-c- c - u - ’u - r u -o n u ta . t c -u - c - n c -  fa i hin v  w u- h i u - u -  cc- I n c - u-,’ we p h a c - u - n - f i e l u - l u-u- (E u- + a n -u - i , - c - n i  ~ ‘ + 0 ’)
sc - n c - a m - c - c - i i - l u - c -  f -  ‘n - I n n ii ,c-- - for  i c - sc - ac - - l u - u - u - I n c - u - a u- u - s e n o r ’  of renn l u - ii n -c1 ‘lana’ or X nln a . -~ in he
c- ic-c l i - c - l i e s .  I’ u-u-i .n - , c - Coin - c-u -i t I n t ’ c-cc-nc-ru-c- c -ni ’  ions far from I c - u -,’ ‘n ’c n nc - i -c - c’ ’ i v - c -  bcun ia r i -  -s of

u - c - l u - n - - c u -  ‘i c- i- ic - c- u-” nc-u -sc -’s, i,u -niru- .- u-u-i u - u - l i ,  u - u - cs ’ c - c - i n -c- ’ - - c-,’ . bun 1 ha ’ u-c-ornnina l c-c- u-c-u-suu-’u -c u - u - u-’i’ ic-n c-c- close t o
u - n  -u- e n’ ta ’s, 1 a a i lu - u - i u-~ c-u- O~’c I i , ri our -noin f’lex’ure
c-c - c - cu - u - c - ’ I c -  ‘rn-lc-c- - . ‘ -sc-c- ‘ o 61 10 c - c - i  b-n-lu-sc - Oiu- , u -u - ’ s c -Y  ‘u - i .

‘lu-i c-cc -c r u-c - n c - c - n -i nc - n c -  nu n - n c - i -  “on-’- fat’ u- ’ u- u -f inement  of proce :- u - c - i n c - u- t~~c-ic -nii q u-cc-u , particularly
i n  n - i c - u -nc - n -ru -n -u -cc- of mat -c - r ’ i  n - n - c - u  hna u - !-ihi ii .: and pr Ou-: ’.n s s l s n u -  - so n-nc- to c-reserve c-lu-u-c-sired ssc-o .i. eis 5 —

c-’u-nn -u-c - u - ,c-’r. c- i c - inn ‘ C u - c - c - i c - c - I  q u -. u - - n u  eu - u -u - n c -i c -u - c - in c - c - u - controlled ‘u-c- s n c -ha n - c:  ru- omn u -o . ti, u - u - m- n at elevated
pc - cc - s c - n i’s c-io u-lu-I u - ”. c- u - l u - - u - c -  Ir an le a. u- a u - nn unc - mn , u -  to c- ‘event n-ample decomposition at the .i c-u-h

u-nun - u - u - r n c - t u - n - c -’u - c - necessary t i c - c-- I I q c - u - . i J fo r u -u - c - at ic-’u-n and lu - om o c -e mni  n c -c- tn I o n c - .  a r t i c le  size din -tn —
l. u - n t  i c c - u - u - c -  of the l u - b c - n c - c c - u -  hr  u -u- c - n wh i m + u - n~~~~~c-~~t j Ju- u- u - j y  is C u - u - r n - c - u - c -  1 - u - t e l  c - i n - - sr i I be - u -~~u - t  i rn iz ed so
c - lu - u - i t - 155 an-i  K - I -c-  S n -  - ‘- r - - -u - c - ’ ’. u -u -c-np I u - u - l i l y  i n  the  soil I stan u- u-c-’ b e l ow the  u - sc - u - c - I Li  u - n c
p o i u - c - t  -c-i ’ X phase u - u - n - c - u - i  c-u-a u- u- bc - ’,v— n n - - u - ’ the system p r e m a t n n r c ly ,  yet l u - c ’  ,; n c - u - ’ I n  t u - ’ s n.u - t -  f i n a l
h- , c - u - :u - s ’ u e ni i n u - u - t -  ion u - - c - c - u -  -i Pci u - u - -c - } 6  eve - .u- in reasonable t imes.  T h i s  pn- u- 1 ‘c - l u - c- i’ n u - u - u - -  in n s  a

1 u- ’ t ’ u - u - u - ’ - s u - t , , s ” u - . u - n u - u - s ’  r u - r u- n ’n - - .w 1 u - n u - n ’ t i d e size u - h i n u t ,r i b u t i o n  f-c- n- e tch  u - ’ - u - n u - p - u - c - u - nn - -n c - t v u -  u - i n  I c - n - c - u-
ho u- u - n u - c - ’ u - n ’ r u - e s S  f r ’ ’ n c - - ’. i u -  u - c - n , l u-u - ’ i r c - t,e rmedia te  an I 15R t I n e  ‘i n- u - nc - u- .. A n - c - u - u -u- , t-o s nn n nkc u -

t h e  c-u~
- n c - I  -c-- n - , u - i n ; ‘‘ - u - n - ic u - cn n c -u - -u - u -n c - i  l u - l u - c - -  below the me u - t  - n u - : po in t  — u - f  u-u-u - ~u - n - u - c -j , su- - 

, he soil-I
n t — u - ’ - - - ‘  j n c - i l l b  n ’ inuc - u -  t i O  I i nn- - c-’, l u - - - t w u - ’u - rn phases should ‘be e c - c - t n u - h u - 1, u - h c - u - u - u - i  c’ u - -~ s ’ ‘ u - u - - n c - C u - c l  l u - c .

u- nc - f - n ’  i r u - u - u  u - - u - i , I t  s i c -  - c - u - i  I c - u -c - 1 u - - c - c - u - u --t i b l  e to achi, u - c - ,’e c -c TLP n c - l u - u- u- u- n - — b  !‘- i f u -  I in- b c - c - u - v t  u - n g no
r n - - u - u - I  : u - u - i  , ‘ u - ’ ’ n i  r-, n u - u - n s n  ~u - c - ’ , ~- i ’i - u - u - n ,  i which v u - c - u - nI - I e x h i b i t  ‘c, ’ -c- l ’*, c - u - I u - l e  c - u - u - u - u - u -’ h a nj u -’nl m u - T n - n -’—
1 ta -n - n .  T b , - c - n r c -u- - n - u - n- c x l  l u - c - I  u - m n  -‘ u - c - n  - ‘ - - u - sc - -u - c - i o n  i’u - :u - u - u- n c - t c - ’ t m n c n- n u - , n ’ u-,u - : u - c - c - V  ec-n i u - i l u - i t u - u - d  by TLJu-
Till  1,. is ~u - c - c - n t j l j  u - - c - u - f i n - u - n ‘ - u - n ’  ‘‘n n ’’.ui - ’ n ’ i n n — u - T n -  of t h i s  u- c - l — j u - ’ u- ’t i v u -.u - .

in u-c-

‘ - 5 - .
’ -

- 

-

_ _ _ _ _ _ _ _
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R77-912532-~
- APPENDIX - SAMPLE BATCH CALCULATION

Composition point 
~~~~ ~~~~ 

- 

- 

- 

Sample ~

atom Si~~~~ 3~~~ Al 2.3
~~~?, 0 ~ /.3/7 N 3T~~~~~

percent 
_ _ _ _ _ _ _ _ _ _  

b *

28.09 Si 26.98 Al 16.00 0 1l~.01 N,-
~~~~~~~~~~~~

--‘ 
~~~~~~

-
~~~~~

-
~~~~~

-‘ r7~~~.ae  (. ./2..2~~~O 34~/.’~2 7  
_ _ _ _ _ _ _

7’. /
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